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SECTION I

INTRODUCTION AND COMPUTER PROGRAM DESCRIPTION

This report is the sixth and last volume of the final report generated
under Air Force contract F33615-80~C-3211 entitled "Advanced Life Analysis
Methods". The objective of this contract is to develop the design criteria
and analytical methods necessary to ensure the damage tolerance of aircraft
attachment lugs. In this contract, an extensive analytical and experi~
mental investigation was conducted to characterize and predict fracture and

growth behavior of cracks in attachment lugs. The titles of the six volume

final report generated under this contract are listed below.

Volume I Cracking Data Survey and NDI Assessment for Attachment
Lugs.

Volume II Crack Growth Analysis Methods for Attachment Lugs.

Volume III Experimental Evaluation of Crack Growth Analysis Methods
for Attachment Lugs.

Volume IV Tabulated Test Data for Attachment Lugs.

Volume V Executive Summary anu Damage Tolerance Criteria Recommen-
dations for Attachment Lugs.

Volume VI User's Manual for "LUGRO" Computer Program to Predict
Crack Growth in Attachment Lugs.

This volume (Volume VI) describes the crack growth analysis computer
program LUGRO developed under this contract and provides user input
instructions and some sample input and output data.

LUGRO is an automated computer program which has been developed using
the state-of-the-art methodologies to predict the residual strength and
fatigue crack growth behaviors of single through-the-thickness cracks and
single corner cracks at attachment lugs. his section further describes

the operation of the program, functions of the main program and the
subroutines, and a flow-chart of the computer program.

L"f{" }?c»_d.é?_. 4‘7/;}3«2)’39//&,&4/ 4;"’(’"-@'4 (/)«,M.' b ‘“>‘ /3. /JQ’:— 7_3




The program includes the following four basic elements:

)

o} Stress intensity factor solution

o} Baseline crack growth rate relationship
o] Applied load sequence

o Spectrum load-interaction model

Stress intensity factor solutions for attachment lugs developed under
this contract for a variety of structural and loading complexities can be
found in Volume II of this final report. Some of these solutions have been
embedded in this computer program, which can be used to interpolate the
data to the desired lug geometry. The program also has the option to input
the user-~generated stress/stress intensity data.

The optional baseline crack growth rate relationships embedded in the
program are those of Paris, Forman, and Walker. The optional spectrum load-
interaction models incorporated in the program are: the Wheeler,
Willenborg, Generalized Willenborg, and Hsu models, or assuming no load
interaction. The crack growth rate equations and the spectrum load-
interaction models are discussed in detail in Volume II of this final
report, The stress levels which comprise each individual mission segment,
and from which a mission mix spectrum can be generated, may be input in
five optional ways: as maximum stress (omax) and stresss ratio (R); ¢

max

d minim g . )3 H alter~
an inimum stress ( mln)' 0 nax and mean stress (ahean)’ O can and

nating stress (aélt); or R and stress range (40 ). The program predicts
the crack growth using a block-by-block integration technique.
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For through-the-thickness cracks, either the compounding solution or

;i the Green's function solutica can be used in the prediction. In'predictlng
gf the growth behavior of a single corner crack, the through-the~thickness
gi crack solution may be modified by either the one-parameter (compounding
Eé method with constant a/c ratic) or two-parameter method (Green's functinn
;i method). For one-parameter analysis, the prediction is straightforward and
*% is similar to turough-~the-thickness crack prediction., For two-parameter
E% analysis, it is assumed that for a given number of applied load cycles, the
ZE extension of the quarter elliptical crack border is controlled by the
;ﬂ stress intensity factors at the intersection of the crack periphery at the
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hole wall and the lug surface, i.e., KA and KC‘ In general, the stress

intensity factors at these two locations are different, resulting in
different crack growth rates. Therefore, the new flaw shape aspect ratio
after each crack growth increment will be different from the preceding one.
The new crack aspect ratio is computed using the new crack lengths on both
the hole wall and lug surface. The process is repeated until the crack
length along the hole wall is equal to the lug thickness. At that time the
transitional crack growth criterion is used, until the crack has achieved a
uniform through-~the-thickness shape, After that, if the failure has not
occurred; a one-~dimensional through-the-thickness crack analysis is used to
continuously predict the subsequent crack growth 1life. The analysis is
considered to be complete when fracture occurs due to fracture toughness or
net-section yield criterion or when the desired f{inal crack length or the
maximum usage time is reached.

The LUGRO program contains one main program and 174 subrouvines, The

functions of the main program and the subroutines are aescribed below.

MAIN - The main program receives the input of basic data for the

crack growth life prediction; interfaces with the sub-

routines; and outputs the predicted crack growth history.

DADNDK - This subroutine reads the baseline constant umplitude
crack growth rate data in the form of da/dN vs AK or
directly as materiai constants. In the former case, for
each straight line segment of da/dN vs AK data (in log-
log scale), the subrouti.e calculates the material crack

growth rate constants using the crack growth rate equa-
tion specified by the user.

SPECTM - This subroutine reads and generates one complete block of
stress spectrum to be used in the crack growth predic-
tion. This block of stress spectrum will be repeated
until the computed maximum stress intensity factor
reaches the fracture toughness value or the net-section

stress value reaches the yield strength of the material,
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The prediction will alsc be terminated when the crack
leneth or the accumulated flight time in terms of blocks

reaches the specified maximum value in the input,

This subroutine estimates the crack length as a function
of accumulated flight time (or usage). The computations
for through-the-thickness cracks are made in this sub-
routine, For corner cracks, the computations are made in
subroutine CORNER, which is called by this subroutine.
The predictions will bz terminated if the computed Kmax
reaches Kc, or the net-section stress value reaches the
yield strength of the material, or the current crack
length or the accumulated flight time exceeds the maximum

value specified in the input.

The strass intensity factors for a through-the-thickness
crack are generated in this subroutine for crack lengths
ranging from 0.0001 inch to the desired maximum crack
length specified in the input. This subroutine calls the
appropriate subroutines to calculate stress intensity
factors using the compounding method or Green's function
methods, or interpolating the tabulated data that have
been input or are already available internally in the

program,

This subroutine computes the stress intensity factors at
the intersection points of a quarter-elliptical crack
front at the hole wall and lug surface by modifying the
through-the-thickness solution with various correction

factors.

This subroutine estimates a back surface correction fac-

tor for a part-through corner crack.

This subroutine calculates the two-dimensional growth of

a corner crack as s function of accumulated flight time
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(or usage). This subroutine does the same functions as
the subroutine GROWA, except that this is for a corner
crack. Also calls the appropriate subroutines and com-

putes the transition and subsequent through-the~thickness

crack growths,

This subroutine computes the stress intensity factors

using the simple compounding method.

This subroutine computes the stress intensity factors

using the Green's function method.

This subroutine computes the transitional crack growth
from when the corner crack breaks through the back
surface to when the crack becomes a uniform through-the-

thickness crack.

This subroutine calculates the average crack growth per

block of stress specttum as a function of any given crack
length.

This subroutine calculates the crack growth rate for each

computed effective stress intensity factor range (AKe
and ratio (K

ff)
mineff/Kmaxeff)°

This subroutine calculates effective stress intensity

factor range ( AKeff) and ratio (K ), and

mineff/Kmaxeff
estimates the corresponding crack growth increment using

the specified crack growth retardation equation.

This subroutine contains the stress intensity factors and
the stress distributions as a function of outer-to-inner
radius ratio of lug in a tabular form. The user has the
option to use these tables and interpolate the data for

the desired lug geometry.
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Two more subroutines are referenced in the program. They are FUNCTION
subroutines GIRC and DTAB2, which are UNIVAC library subroutines. GIRC is
a single variable Aitkin interpolation subroutine and DTAB2 is a two vari-
able interpolation subroutine.

A flow-chart showing the interactions between the main program and the
subroutines is shown in Figure 1-1. The main program first processes the
material crack growth data in DADNDK and develops the loading spectrum in
SPECTM. Then it starts the crack growth analysis by calling the subroutine
GROWA. The through-the-thickness stress intensity factor solutions are
computed first by calling the subroutine SIF. Based on the input specified
by the user, these stress intensity factors are obtained by using one of
the various methods as shown in the flow-chart. Then depending on the
crack shape (through-the-thickness or corner) the program branches to com-
pute the crack growth behavior using subroutines DADP, EFFKDA and DADNJJ.
In the case of corner cracks, the through-the-thickness crack solutions are
modified with various correction factors for corner crack stress intensity
factors in subroutine SIF8. Subroutine TRANSG computes the transitional

crack growth behavior of corner cracks.
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SECTION II

INPUT INSTRUCTIONS

This section describes the input instructions for the computer program
LUGRO. The program can be used to predict the residual strength and
fatigue crack'growbh behaviors of single through-the-thickness cracks and
single corner cracks at attachment lugs.

The program is capable of analyzing attachment lugs with and without
interference~fit bushings. Figure 2-1 shows the geometries and nomencla-
tures of attachment lugs with and without bushings. 1In the case of corner
cracks, there are three distinet regions of crack growth, namely corner
crack growth until the crack breaks through the thickness, transitional
growth until the crack reaches a uniform through-the-thickness shape and
the subsequent through-the-thickness crack growth. These three regions of
crack growth and corresponding definitions of crack length are illustrated
in Figure 2-2.

The input instructions for the computer program LUGRO to predict the
residual strength and crack growth behaviors are provided in Table 2-1.
There are 25 different lines of input as shown in the table. Some lines
may have to be repeated several times depending on the nature of input.
These are indicated under the column 'COMMENT'. For example, the da/dN vs
AK data (Line 4) have to be repeated 'KPOINT' times, wnich is specified in
Line 3. The table also describes the variables, type of variables and the
columns in which tne data are input for all the 25 lines of input. Suffi-
cient instructions are provided in the table to choose the right set of
input 1lines. For example, appropriate lines 3, 4 and 5 should be input
based on the value of 'IEQU', which specifies the selectea crack growth
rate equation. The table also describes the cases when there will be no
inputs for some specific lines. Feor example, when the value of 'IBETA' is
equal to -1, there are no inputs for lines 20, 21 and 22.

The input variables specified in the 25 1lines of Table 2-1 are
described in detail in Table 2-2. The table also describes some of the
terminologies used in the description and two important notes (Notes A and

B) at the end of the table. The units with which the inputs need to be




specified are also given in the table. This section is followed by the

sample problem section in which details of input and output are provided to
aid the user,
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(b) Attachment Lug With an Interference-Fit Bushing
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Figure 2-1. Geometries and Nomenclatures of Attachment Lugs
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TABLE 2-1.

INPUT INSTRUCTIONS FOR CRACK GROWTH ANALYSIS
PROGRAM 'LUGRO' FOR ATTACHMENT LUGS

;fi - T
S5
CEt) LINE  £OLUMN VARIARLE  TYPE OF VARIABLE COMMENT
i\ .
ey T : ; S
o ' 1-50 TITLE ALFHANLUMERICAL
9.5 ——— — ——
" “‘i -
,?g = 1-5 IEQU INTEGER
Sl L=10 LOADM INTEGER
35 11-15 LLDAT INTEGER
; 14~20 LZEd INTEGER
f}ﬁ a,8 (A). IF IECQW = 1, WALKER‘S EQUATION IS USED. THEN
}%.tz ———————— — - =
L z 1-5 KFOINT INTEGER
%"é ——— =
ol 4 1-10 EFFI(T) REAL
53y 11~20 AT T) REAL REFEAT “KPIJINT* TIMES
= 1~10 oM REAL
11-20 REC REAL
>3y Ty (R). IF IEQU = 2, FORMAN‘S E@UATION IS USED, THEN
= 1-= KFOINT INTEGER
&=10 INCENF INTEGER
3 1-10 EFFK(I) REAL INPUT ONLY IF INGFNF = O,
11-320 DADNCT) REAL REPEAT “KFIINTY TIMES
2% 1-10 FCL(I) REAL )
120 FN(I) REAL IMFUT GNLY IF INCFNF = i,
o130 EFFE(T) REAL REPEAT “EPQIAT=14 TIMET -
=z 1-10 A REAL ‘
1120 FR REAL
Z1-320 RE REAL
4,5 (CY, IF TEQU = 3, PARISY EGUATION IS USER. THEN
hd 1-= KPOINT INTEGER
b=10 INCENP INTEGER
3 1=~10 EFFECT) REAL INFUT ONLY IF INCENP = O,
. 11-20 DADN(I) REAL REPEAT “KPOINTZ TIMES
34 i-10 FC (1) REAL
11-20 FM{I) REAL INFUT QNLY IF INCFNF = i,
. 21-30 EFFK (1) REAL REPEAT + WPOINT-17 TIMES
S 1-10 R REAL

13




TABLE 2-1. ({QONTINUED)

= =10 THREKO REAL
11=-20 CRITRE REAL.
21=20 T7 REAL
T 1-3 IRETAR INTEGER
H=10 IMIDEL INTERER
2 INPUT DMLY IF IRETAR = 1
-5 IFLANE INTEGER
a=1S EXPH REAL EXFM IS INFUT ONLY IF IMCODEL = 4
LAL-1% X MATH KREAL YRMXTH AND 202 ARE INFUT ONLY
26-35 0% REAL IF IMODEL = 2
E 1-% Mz INTEGER
=10 [REQD INTEGER
-iE ILAYER INTEGER
1 L =20 TITLEM ALFHAMUMERTCAL
1. i-10 SRATIO REAL
11-20 HOLIRM REAL
il =10 SMAX REAL
11-20 R REAL INPUT ONLY IF IREAD=!, REPEAT
21=320 CFF REAL THIS LINE “ILAYER® TIMES
122 11 SMAX REAL 7 7
1L=-20 SMIN REAL INFUT ONLY IF IREAD=Z, REFEAT
21-320 CPF REAL THIZ LINE “ILAYER” TIMES
a3 1-19 SMAX REAL
{1=-20 SMEAN REAL INPUT ONLY IF IREAL=Z, REFEAT
21-30 CPF REAL THI% LINE “ILAYERY TIME=Z
P24xs i-10 ZMEAN REAL
11=-20 SALT REAL INFUT OhLY IF IREAD=4, REFEAT
21=30 LPF REAL THIS LINE “ILAYER- TIMES
f2eest 110 SLEL REAL
11=20 R REAL INFUT ONLY IF IREAD=S, REFEAT
21-30 CFF REAL THIS LINE -“ILAYER” TIMES
] REFEAT LINES = TO 12 FOR ALL PORSIERLE WMISZIONT, AND THEN
INFUT 707 ON COLUMN S TO SIGMAL END OF MISSION FROFILES.
14 1-S MFLST0 INTERER
=10 NIEGT INTEQER
1S 1-3 NFLTS INTEGER
L=1D MIZICN INTEGER REFEAT THIS LINE - MZEGT” TIMES
1% i-3 ITHRIL INTEGER
A=l METHOD INTESER
U A=) IZETA INTEGER
P20 IGFTYF INTEGER IGFTYF THFUT oMLY IF METHOD = Z
oR -X




TABLE 2-1. (CONTINUED)

120 WILTH AESL

Zi=2g THICY REAL
HE =10 CRALCIO REAL

11=-20 IRACRF REAL
b {=-1a ADZTIN REAL INFUT CNLY IF ITHRU = O
I, ohl /¢ IF IRETA = |

A =z TITLER SLFHANIMERIC AL

it -3 MEFT INTEGER

w=iF E REAL
Lz 1=-10 COVERR REAL 7

11=I0 HETATE REAL REFEAT “NEFT” TINME:
2o i ZDIF OIBETA = -1 THERE ARE NO INPUTS FOR LINES 20, X1. 2I
T 24, 2% IMPUT ONLY IF IRETA = O
Pud -3 MLIN INTEQER

AH=i0 IRSIN INTEGER

14i-15 IWRITEA INTEGER
Z3 [ R ] TER REAL

ti=-20 =t REAL

i EREL RZAL INFUT ONLY IF IR2IO = -1 OR

=40 LELD REAL METHOD = -2
31-50 POl REAL
S1-&0 FOR REAL

o 1=10 YO REAL INFLIT ONLY IF IRSIG = 0
1120 XEik REAL AND METHOD = o
REFEAT TNSIGT TIMES

iTa 1~-10 Y REAL INPUT ONLY IF IRSIG = 1
11-20 AS10 REAL AND METHOD = 2
21 -E0 REIG FEAL REFEAT - NZIG’ TIMES
LSae  [1-20 L5103 REAL INFUT ONLY IF IRSIG = -1
AND PETHOD = 2
REFEAT “11(=NSI1G)- TIMES

ZS#ex 2130 REIG REAL IMFT ONLY IF IRZIG = 1
AND METHDD = -2
AREFEAT “1i=(NSIG)" TIMES:
N FOR THIL CARE, IM CARD z4
OMLY TBR AND EREL MEED TO BE
INFUT UZING THE 3AME FORMAT
: IS4 NOOLINE 2% IMPUT IF IRSIG = —1 AND METHOD = -2
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TABLE 2-2. 1INPUT VARIABLES DESCRIPTION

BEFIRE DEZCRIRING THE INPUT VARIABLES, S2ME TERMINOULOGIES, WHICH ARE
NOT INPUT VARIALLES. ARE GEFINED HERE, FIRST TO AID THE PREFARATION
OF LOAD SPECTRLUM AND TG CHODSE THE JUTRLUT GRPTIGN,

nLol - ONE COMPLETE FASS THROUGH THE ENTIRE SPECTRUM BEFORE ITE
REFETITICN. ONE BLOCK CONTIEZTS OF MULTI-NUMBER <F ZEGMENTS.

E

b

SMENT ~ FRACTION OF A BLOCK. ONE SEGMENT CONSISTS OF ONE FLIGHT OR
MULTIPLE NUMBER OF CONSECUTIVE FLIGHTS OF SAME MITSION,

MISSUON -~ A TYFE OF FLIGHT IN AIRFLANE LISAGE.

FLIGHT -~ ONE COMFLETE PASE THROUGH A GIVEM MISSIOM. ONE FLIGHT
CONSISTS OF MULTI-NUMEBER OF LOAD LAYERS,

LAYER - ONE ENTRY IN A MISSION. A LAYER CONSTITS OF A NUMBER COF
CONSICUTIVE TYCLES OF SAME STRESS AMPLITULDEER.

THE FOLLOWING DESCRIPTION IDENTIFIES ALL OF THE INPUT VARIARLES AND
THEIR DEFINITIONS,

TITLE ! PROBLEM IDENTIFICATICN TITLE.

ret
il
=

CPTION TO USE DIFFERENT GROWTH RATE EQUATION.
IF 1Ean 1, WALKER"Z EQUATION I% USED,

2, FORMANYE EQUATION IS F3EDS

3, PARISS EQUATION IS UEED.

[ ]

LEADN ¢OCPTION TO PRINT OUT THE INPUT GROWTH RATE TATA.
IF LJADM = ¢, PRINT CUT THE GROWTH RATE DATA.
= {1, DO NOT PRINT OUT THE SROWTH RATE UATA.

LA fOOPTION T4 PRINT QUT THE INPUT LOADING TPECTRUM.
IF LLOAD = @, FRINT QUT THE INPUT LOADING SFECTRLM,
= §, DO NOT PRINT CQUT THE INPUT LOADING SFECTRUM,

[MER-LN! fODFTION T FRINT QUT THE INPUT FLICHT SETLENCE oF A
4LJ&L _CA' TRPECTRUM,
IF LEEG = . PRINT QL7 THE INPUT FLIGHT P ECTF”M-
= 1, D0 NOT rc’iT CUT THE IMFUT FLIGHT SPECTRUM.
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TABLE 2-2. (CONTINUED)

MUMBER OF FOINTS ON (DELTA K Vi, DA/OMN) CUSYE. BOTH END
POINTS ARE IMCLURED. NOUMBER OF LINEsR SEOGMENTS USED

T REFREZEMT THE OROWTH RATE CURVE WILL RE = KPOINT-1.
NOTE ¢ MAKIMUM RPOINT VALLE IS 340,

DELTA

! DELTA K CORFESFONDING TO 2ACH INPLT
POIINT (8

£
#EORT(INCH) )

R EFFEC
NIT =

GROWTH RATE DA/DN CORRESPONDING T EACH DELTA ¥ OR EFFECTIVE
DJELTA kO ( UNIT ¢ MICROINCHES )

CONSTANT M7 LZED IN WALKER S EGILIATION,
CUT~OFF OF THE MIMIMUM AFFLIED STRES:S RATIO, I.E.- IF R<RC, R=RL

CETION TO INFUT EITHER ( DELTA ¥ 2 DA/DN ) FAIRS OR ¢ LF & NF )
FAIRE FOR FORMANTS EGQUATION.
IF IMNCENF = @, INPUT ( DELTA K & DAJDN ) FAIRE,
= {, INFUT ( CF & NF ) PFAIREZ.
SOTE ¢ LF T & NFT ARE CONSTANTS OF FORMANYZ EOUATION.

@ﬁNETANT “CC USETT IN FORMANTS ERUATION,
{ FOR DELTA ¥ IN UNIT KSI®*SORTCINCH) )

CONSTANT - M¢ USED IN FORMAN‘S ECGUATION,
( FOR DELTA K IN UNIT KSI#SORT{INCH) )

KO VALUYE Tid BE USED IN THE FORMAN-S EQUATION.
¢ UNIT ¢ MIZI#2GRTOINCH) )

! OR-RATIO OF CONSTANT AMPLITUDE OF INPUT DA/DN DATA.

CRTION TO INPUT EITHER ( DELTA K % RA/IN ) PAIRT OR ( CF & NF )
FAIRS FOR PARIZ” ECGUIATION.

IF INCPNF = 0, INPUT ( DELTA K % DA/DN ) PAIRS,

= 1, INPUT ( CF 2 NF ) PAIRZ.

MITE ¢ “CF° & “NF“ ARE CONSTANTS OF PARITS EGLIATION,

CONSTAMT "0 UZED IN PARIZY EQUATIONM.
( TR DELTA HOIN UNIT KSI4SORT(INCH) )

CONSTANT - MY USED IN PARISY EOUATION,.
COFOR DELTA P OIN UNIT KSI#ZERTOINCH) )




THREKC

CRITICC

FTY

IRETAR

IMOGDEL

IPLANE

EXPM

XEMXTH

owh
[}
w

X
by

IREAD

ILAYER

TITLEM

SRATIO

.

TABLE 2-2.

(CONTINUED)’

THRESHOLD TELTA K OF THE MATERIAL USED, WHEN CALCULATED
DELTA K 15 LESS THAN OR EQUAL TO THREKO, NGO CRACK GROWTH

WILL BE CONSIDERED.

¢ UNIT ¢ KSI*SQRT(INCH) )

CRITICAL STRESS INTENSITY FACTOR OR FRACTURE TOUGHNESS

F THE MATERIAL.

TENSILE YIELD

OPTION TO CONS
IF IRETAR = 0O,

= 1,

OPTIONS TO USE

IF IMODEL = 1,

IF IMODEL = 2,
= 3,

2 45

COPTIONS TO USE
OF YIELR ZONE.
IF IPLANE = %,

= 2

WHEELER‘S RETA

MAXIMUM THRESH
(ONLY FOR GENE

OVERLOAD SHUT-
(ONLY FOR GENE

MISSION NUMBER

OFTION FOR INP

IF IREAD = 1,
= 2,
=
= 4,
= 5,

NUMBER OF .LOAD

MIZSION ILDENTI

¢ SCALE FACTOR O

( UNIT ¢ KSI#SQRT(INCH) )

STRENGTH OF THE MATERIAL. ¢ UNIT 3 KSI )

IDER SPECTRUM RETARDATION EFFECTS.
NG RETARDATION EFFECT WILL BE CONSIDERED.
SPECTRUM RETARDATION EFFECTS WILL BE CONSIDEREL.

VARIOUS RETARDATION MODELE.
WILLENBORG MODEL WILL BE USED, ,
GENERALIZED WILLENBORG MODEL WILL BE USED,
HSU MODEL WILL BE USED,
WHEELER -MODEL WILL BE USED,

PLANE STRESS OR PLANE STRAIN ﬁN THE éALCULATIGN
PLANE STRESS IS USED,
PLANE STRAIN IS USEL.

RDATION: MODEL EXPONENT M.

OLD STRESS- INTENSITY FACTOR ( UNIT t KSI#SQRT(INCH) )
RALIZED WILLENBORG MODEL)

OFF RATIO B
RALIZED WILLENBORG MODEL)

UTTING THE LOAD SPECTRUM.
READ IN SMAX, R, % CFF

READ IN SMAX, SMIN: % CPF
READ IN SMAX, SMEAN, & CPF
READ IN SMEAN, SALT, & CPF
READ IN SDEL, R, % CPF

LAYERS IN THE MISSION.

FICATION TITLE.

F THE LOALDING SPECTRUM.




TABLE 2-2. (CONTINUED)

HOURM ¢ EQUTVALENT FLIGHT HOURS TO THIS MISSION ( IN HOURS )

TMAX ¢ MAXIMUM AXIAL STRESS OF THE LAYER. ( UMIT @ KEI )

TMIN ¢ MINIMUM AXIAL STRESS OF THE LAYER. « UNIT @ KSI )

R ¢t AXIAL STRESS RATIOQ OF THE LAYER, OR R=TMIN/SMAX.
CPF t NUMBER OF CYCLES OF THE LAYER.
SMEAN : MEAN AXIAL STRESS OF THE LAYER. ( WUNIT : KSI )

SMEAN = (SMAX+SMIN) /2.0

SALT : ALTERNATING AXIAL STRESS OF THE LAYER. ¢ UNIT : KSI )
ZALT = (SMAX-SMIN) /2.0

PEDisus - &4

i

=
A

SDEL ¢ AXIAL STRESS RANGE OF THE LAYER. ( LINIT : KST )
SDEL = SMAX-SMIN

NPASS0 : NUMBER OF BLOCKS OF LOAD SPECTRUM T BE REFEATED IF FRACTURE
DOES NOT OCCUR. IF NOT SURE, SET NPASSO = O, THEN THE PROGRAM
WILL INTERALLY SET NPASS0 = 1,000,000,

NSEGT ¢ TOTAL NUMBER OF SEGMENTS IN ONE BLOCK OF LOAD SPECTRUM.
NFLTE : NUMBER OF CONSECUTIVE FLIGHTS OF SAME MISSION IN ONE SEGMENT.
MIZSION ¢ MISSION NUMBER OF THE FLIGHT.

ITHRU ¢ OPTION TCQ SPECIFY FOR THROUGH-THE-THICKNESS OR PART-THROLIGH CRACK.
IF ITHRU 0, FOR CORNER CRACK,
1, FOR THROUGH-THE-THICKNESS CRALCK.

METHID ¢ METHODY OF STRESS INTENSITY FACTOR CALCULATION,

= 1, USE COMPOUNDING METHOD. . .

= 2, USE GREEN FLUNCTION METHOD, AND STRESS DISTRIBUTION
ALONG CRACK GROWTH PATH WILL BE INPUT

=-2, USE GREEN FUNCTION METHOD. -AND AUTOMATICALLY
CALCULATE STRESS DISTRIBUTION ALONG CRACK
GROWTH FPATH FROM THE TABLES STORED IN THE
FROGRAM, WHICH IS A FUNCTION OF QUTER-~TO-
INNER RADIUS RATIO OF LUG. IN THE CASE uF
LUGS WITH BUSHINGS, THIS OPTION SHOULD EE
EXERCIZED ONLY WHEN THE RATIO OF LUG QUTER
RADIUS TO BUSHING INNER RADIUS(=PIN RADILZ)
1S 2,25, SINCE THE SUBROUTIME DIRCAL CONTAINS
DATA ONLY FOR THIS LUG-BUSHING CONFIGURATION,

19




TABLE 2-2. (CONTINUED)

IEETA POORTION TO IMFUT BETA FACTORT RIRECTLY.
IF IRETA = 90, SIF WILL BE COMPUTED RY GREEN FUNCTION HETHOD
QR COMPOUNDING METHOD DEPENDING ON THE YALUE OF
THE FARAMETER < METHID -
1, DIRECT INFUT QF MORMALIZED STRESS INTEMSITY FACTOV =
=1, AUTOMATICALLY COMPUTE NORMALIZED STRESS INTEMNIITY
FACTORS FROM THE TABLES 3STORED IN THE FROGRAMs WHICH
IS A FUNCTION OF QUTER-TO-INNER RADILS RATIO OF LUG

Bow

IGFTYR CPTION TO CHGOSE THE GREEN FUNCTIOGN TYPE ( DEFAULT = | ),
IF IGFTYF = !, USE MODIFIED SREEN FUNCTION ¢ FOR LLGI WITH NGO
BUFSHINGS ) )
= 2, USE ORIGINAL GREEN FUNCTION ¢ SR LUGSE WITH
BUSHINGS: )

RADTILS

RA&DIE OF THE LUG HOLE ¢ UNIT @ INCH )

-

WIGTH P OWIDTH GF THE LUG (=CQUTER DIAMETER oOF LIM3). ( UNIT 2 INCH )

THICK @ THICKNESS OF THE LUG. ( UNIT : INCH )
CRACKO 1 TNITAL LRACK LENGTH G-, ( UNIT : INCH ) ’ T

NOTE : “L° REFERS TO THE CRACK LENGTH ON LUG SURFACE.

e
pal
oo
Il
5
=

FINAL CRACK LEMSTH DESIREDR IF FRACTURE DRES NOT CwICUR.
¢ UNIT 3 INCH?

AGICIN ¢ IMITIAL FLAW SHAPE RATIO OF PART-THROUGH CRACK, A/ZC.
NOTE ¢ ‘A< REFERE TO THE CRACK LENGTH ALONG LU HILE Wall.
TITLE® ¢ TITLE FOR METHOD OF COMPUTATION OF STRESS INTENSITY FACTORS.
MEFT ! NUMBER OF DIRECT NORMALIZED BETA FACTORS T BE READ IM.
2 : VALLE OF SOME CHARACTERISTIC LENGTH WHICH IS USED ( EXAWFLE : LUG

HZLE RADILS ) TO NORMALIZE THE CRACK LENGTH. ¢ UNIT : INCH )
MIXTZ ¢ DEFAULT = (.0 INCH.

COVERR ¢ VALVE OF /B FOR WHICH THE BETA FACTOR I3 ZEING FROVIDED.

aETATZ ¢+ VALLE CF

TOR FOR THE ABOQVE TOWERER VALUE.
EETATR = K

3T SECTICON STRESES#SORT(FIEXC))

i )

:g Nt 1o : ONUMEER OF FOIMTE AT WHICH THE STRFEDS DISTRIBUTION IS INFUT,
[ A NEDATIVE VALLE FOF “NEIGY MEANS THE SAME A% HMETHOD = -2.
?% I WHILH CATE THE VALLE oOF <“NSIGY 1% DEFAULTED T9 A VALUE

JF 1l -~ IEE NMOTE A

pigas

i

——
!
Ay

bl B &
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TABLE 2-2. (CONTINUED)

IREIG t DRTIIN T INCLUDE RESIDUAL STRESIES {3EE NOTE B).
iFr IRSIS £, M RESIDIMAL STRESSES

REZIDUAL STREZEES AFE ALS0 PRESENT.

AUTOMATICALLY CALCULATE THE RESIDUAL STRESS
LSING THE INFUTE TBR.EL,EREL,DELD. FOL SND rDB
CONSIG I DEFAULTED T 4 YALLUE OF 11 IN THIZ
CASE ALZO - SEE NOTE A)

-t
=
)
e
-
m
D

OFTION TO WRITE INTERPOLATED GREEM FUNCTION.
IF IWRITEA = . INTERFOLATED GREEM FUNCTION WILL NOT 2E PRINTED,
= 1. INTERFOLATED GREEN FUNCTION WILL BE PRINTED.

et
o
ped)
.

BIEHING THICKNESE DIVIDED BY LOADING FIN RADILE )
= BUSHIMG THICKNESS/(LUG INNER RADIUS-BUSHING THICKNESI)

EL $ O YOUNGTT MODUOLUS OF LUS MATERIAL ¢ UNIT @ K:I 3

EDEL ¢ BLSHING-TO-LUS MATERIAL YOUNG S MODULUS RATIO

DELD : DIAMETRICAL IMTERFERENCE LEVEL ( INIT : INCH )
e ¢ POISSIONTS RATIO OF LUG MATERIAL
PoR ¢ POISSION- S RATIO OF BUSHINS MATERIAL
YO : LOCATION AT WHICH THE STRESS IS BEIMG INPUT. YO = (Y-RI)/RI.
X5IG : STRESS AT LOCATION YO NORMALIZED BY SROSS SECTION STRESS.
X216 = STREZS/GROSE SECTION STRESS.
GROSS SECTION STRESS = P/ (2.0#ROSTHICKNESD)
= P/ (Ws*THICKNESS)
RiIG ! RESIDUAL. STREST VALUE (SEE NOTE EB). ( UNIT = KEI )

MOTE A @ THE {1 POINTES LURREQPHNH T RIVIDING THE MET-SECTION OF THE L3
BY 10 SOUAL SEOMENTS AND THE 11 “"YO=(Y-RI)/FI‘ YALUES AFE
ALTOMATICALLY FALLULATED

J)’.L

MOTE @ : THE RESIDUAL STRESS CASE IS AFPLICARLE TO THROUGH-THE-THILCKMESS
CRACK FROBLEMS ONLY. HOWEVER FOR CORNER CRACK FROBLEMS INFUT THE
MAXIMUM STRESS DISTRIZUTION AND A STRESS RATIO SUCH THAT A
CONSEFVATIVE LIFE PREDICTION COULD =TILL ZE MADRE. (SEE SAMFLE
FROBLEM: 7 AND =)
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SECTION III

3

&

A SAMPLE PROBLEMS

(.

§§§ In this section, several sample inputs and outputs of the crack growth
N program LUGRO are provided to aid the user. Each sample problem consists
&1 of problem definition, input and output. Descriptive details are added to

the input and output to explain the input variables and to interpret the
output. All the sample problems illustrated in this section correspond to

specimens tested under this program. Thus, wherever appropriate, the plot

N of analytical-experimental correlation data is provided.
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SAMPLE PROBLEM #1

Material ¢ Aluminum

RO/Ri : 2.25

Ri : 0.75

Thickness : 0.50 Inch

9, s 6 Ksi

R + 0.1

Crack Type ¢ Through-the-Thickness
cy : 0.025 Inch

Crack growth anslysis for the above lug and crack geometries and loading

condition is conducted in this sample problem using Forman's crack growth
rate equation and the following given B factors.

No. e/(R - R)* B
1 0.0 5.957
2 0.1 3.899
3 0.2 3.126
] 0.3 2.804
5 0.4 2,500
6 0.5 2.422
7 0.6 2.364
8 0.7 2.463
9 0.8 2.646

10 0.9 3.308

*R - R -
Ro Ri = B = 0.937% Inch

g

[l

R W BONE T o eyt ekt e §i 1
N b

NI

Analytical-experimental correlation result is given in Figure 3-1.
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L1 ARFLL44 AND ABFLIYE «—— Line 1: Title
3 0 O 1 -—— Line 2: IEQU = 2, Select Forman Equation
o 13 By
. <3 4,0 O, 145
= S0 0,575
o S 0 20350 Lines 3,4,5,6: Material Property
) :d s:::'o 7. 300 data AK vs. da/dN
e SIS 13,200 -
e 17,0 ;?;_:::: ARipresho1a® Xe @9 Ty
1o 15,0 TS, 200
11z 20.0 SS, T00
1o 5.0 124, 000
1z 0.0 H5I. 000
id: 40,0 ). COG
15 A5.0 AS20, GO0
1&: LOLP 0.1 -0t
i7: 0. 0 X% -4 o -
;/ © "‘g, - V.2 ek Line 7: IRETAR = 0, no retardation
1 - S G R _ ,
20t CONSTANT AMPLITUDE WITH SIGMA(MAX)= 4 K1 AND R, 1] F10SS 910,11,
o - . il ! > B woh=e,. 1 12, 13:
:E, L. L 1 -9 Constant
) R Vel 100, 0 . aAmplitude Loadin
o : . — Line 16: ITHRU = 1, IBETA = 1 Spectrum Definiti
‘__z‘ . i ) Through-the-Thickness crack;
_(,' @ - Direct input of B factors
L. . t)
T e TS0 7 SO )
ST nas 7YYV Lines 17, 18: Lug and Crack Geometries
=%: DIRECT INFUT OF BETA FACTORS \
Z0: 10 0.7375
=i 0.0 S, 957
N .1 L)
3 I, EP Y
243 G.3 . 204 Lines 20,21, 22: Input of B factors
I 0.4 2S00
Fa 2.5 o.ann
7 0. & I ied
: 2 (.7 . A8E
R 0.3 YV
440: Q.7 I, I

(o AL T i
A8
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Figure 3-1.

Through~the~Thickness Crack Growth Dars and Prediction,
Aluminum Lug, RO/R:=2.25, o'°=6 ksi, R«0,1
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SAMPLE PROBLEM #2

This sample problem is identical to the previous sample problem,
except that the B factors are obtained from an already-available table in
the program, instead of providing them as input. This is accomplished by
specifying the value of 'IBETA' as -1 in the input.

Since the B factors input in the sample problem #1 are essentially the
same as those stored in the table, the results of crack growth history are
also the same., The slight difference in che solutions (<.15%) is due to

computational round-offs.
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SAMPLE PROBLEM #3

This sample problem also analyzes the same lug and crack geometries
and loading condition as the two previous sample problems., However, in
this case, the Green's function methoed is used for computation of stress
intensity factors. The following stress distribution (normalized by the
gross-section stress, 06) is input as a function of (y - Ri)/Ri:

No. (y - Ri)/Ri 0/06
1 0.0000 5.3190
2 0.0625 4,2390
3 0.1875 3.0938
y 0.3125 2.3490
5 0.4375 1.9395
6 0.5625 1.6268
7 0.6875 1.3950
8 0.8125 1.1700
9 0.9375 0.9720

10 1.0625 0.7200

1 1.1875 0.4073

No input is provided for the parameter 'IGFTYP'. The program thus
defaults the value of 'IGFTYP' to 1, selecting the modified Green's func-

tion to calculate the stress intensity factors. Comparison of results of

this sample problem with the previous two sample problems shows a crack
growth life difference of about 2%, which arises from slight differences in

the stress intensity factors in the two cases.
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“

SAMPLE PROBLEM #4

Instead of inputting the normaliiéd stress distribution as in the
previous sample problem, it can also be obtained from an already-available
table in the program. This can be accomplished by specifying "METHOD' = -2
or using a negative value for 'NSIG'. This is illustrated in the two sets

of input data provided for this sample problem, 'The output data for the
two sets of input data will be identical.
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1: ARPLIC44 AND ARPLLCOR
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3 = O

4: 4,0 0.145

o 5.0 0.378

& L. 0 2,050

7: .0 7500

=H 10.0 12,200

e 12,0 2,200

103 15.0 25,3200

11: 20,0 ZE, 200

122 25,0 134,000

13 20,0 =53, 000

14: 40,0 2350, 000

15: 45,0 AS20.000

1é4: L0,%9 0.1 -0.1

17: Q.0 LQ LD 74.%

FE=H O W)

172 1 1 1
208 CONSTANT AMPLITULE WITH SIGMA(MAX)= 4 ESI AND R=0.1
213 1.0 1.0
221 L. 0 0.1 100.0
238 Q
24 0 1
25 1 1
24 1 @) 0 - Line 16: METHOD = 2, use Green's
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Line 23: NSIG = -8, calculate stress distribution
from the tables stored in the program
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SAMPLE PROELEM #5

Material s Steel
RO/Ri : 3.0

Ri : 0.75 Inch
Thickness ¢ U.5 Inch
g, :+ 18 Ksi

R s 0.1

Crack Type : Coruer

¢ : 0.025 Inch
ao/2 c, : 0.5

This sample problem analyzes and predicts the growth behavior of a
corner crack using the Green's function method. 'ITHRU' = O specifies that
this is a corner crack problem. A value of 0.5 is input for 'AQ02CIN' to
specif'y that the shape of the initial corner crack is quarter-circular.
The output contvains three regions of crack growth, namely corner crack
growth until the crack breaks through the thickness, transitional crack
growth to through-the-thickness crack shape, and subsequent through-the-
thickness crack growth until failure.

Analytical-experimental correlation result for this sample problem is
given in Figure 3--2.
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SEPLICSS AND SEPLC79
2 0 0 1

1z Q
4.0 0.0911
2.0 0. 1920
12,0 0,7400
16,6 1. 4600
20.0 2.9900

QOO IO IS N

AX 63 S8 se S8 2@ S5 S8 aW ss 0D

e 24,0 4.7700
10 22,0 L9700
11 22,0 7. 4200
12: 2.0 13, 5000
12 Sk, 0 2402000
14: 74.0 50,0000
15: 22,0 2. 5000
142 FE. O 159, 0000
17+ 224,7 0.1 -0, 1
13 Q. ¢ 224.7 179.7
I Q Q
20: 1 1 i
Z1: CONSTANT AMPLITUDE WITH SIGMA(MAX)= 14 KSI AND R=0, 1
22 1.0 1.0
23 14.0 0.3 10,0
24z 0
ohr 0 1
2ot 1 1
27 @ 2 ) —-— Line 16: ITHRU = 0, corner crack
Zae Q,73G0 4.500 0, 5000
29 Q, 0250 1.50
20 0.5 ~— Line 19: AO2CIN = 0.5, aO/Zco = 0.5
) 11 0 O )
22 Q.0 5.145
I 0.1 4,101
34: 0.3 2,634
T 0.5 1.354
ICT 0.7 1.497
271 Q.9 1.242
e 1.1 1.045
¢ e 1.2 Q,297
402 1.5 0.744
411 1.7 0,553
- g4 1.5 0,223
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Steel Lug, R /R,

Figure 3-2.
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SAMPLE PROBLEM #6

This sample problem illustrates the use of compounding method to

analyze a crack problem by specifying 'METHOD' = 1. The lug and crack geo-
metries and loading condition are the same as the sample problem #5. 1In

the output, only one crack length (the front surface crack length c) is
printed. Since a/c ratio is assumed as constant in the compounding method,
the crack length along the lug hole wall or the back surface crack length

can be calculated using the front surface crack lenzth, a/c ratio and the
thickness of the lug.

The computed solution using the compounding method is also included in

Figure 3-2 (sample problem #5),
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SAMPLE PROBLEM #7

Material ¢ Aluminum
RO/Ri s 2.25
Ri t 0.75 Inch

Thickness : 0.5 Inch

Crack Type : Through~the~Thickness
C ¢ 0,025 Inch

Loading : As Described Below

This sample probiem illustrates the analysis of a through-the-thick-
ness crack problem with residual stress., In this case, the lug is loaded
with a far-field stress (ob) of 15 ksi and a stress ratio (R) of 0.>. For
this loading condition, the uncracked lug undergoes plastic yielding. An
elasto-plastic stress analysis was conducted tc ob%ain the stress distribu-
tion at the maximum and minimum (corresponding to R = 0.5) sStress levels,
The resulting stress distributions are presented in Figure 3-3. The stress
distribution at the minimum stress level is considered as the residual
stress and the difference in the stress distributicns between maximum and
minimum stress levels is considered as the alterating stress. This stress
distribution, without normalizing by the far-field stress (ob), is speci-
fied as shown in the input data. Since the stress distribution is not
normalized, values of 1.0 and 0.0 are input for 'SMAX' and 'R' in the
spectrum layer input.

Comparison of analytical and experimental results is presented in

Figure 3-A4, The present output data correspond to the curve labelled
LASTIC STRESS.
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‘g. Figure 3.3. Stress pistribution Along y-Axis
: for an Aluminum Lug with RO/Ri = 2425
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Figure 3-4. Through-the~Thickness Crack Growth Data and Prediction,
Aluminum Lug, Ro/Ri=2.25, 0‘0 = 15 ksi, R=0.5
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SAMPLE PROBLEM #8

In the input instruction (Section II), Note B states that the residual
stress case is applicaple to the through-the-thickness crack problem only.
Sample problem #7 illustrated the analysis of a through-the-thickness crack
problem with residual stress. Note B also states that, for analyzing cor-
ner crack problems with residual stress, input tne maximum stress distribu-
tion and a stress ratio such that a conservative life prediction can still
be made. Using the data of sample problem #7, the maximum stress distribu-

tion and a congervative R are calculated as follows:

(y-Ri)/R. o c o (=0 +0_ ) R = gres
i alt res max alt. res eff max
(KSI) (KSI) (KSI)

0.0000 34,70 32.10 66.80 0.48054
0.0625 30.97 28.22 59.19 0.47677
0.1875 22.84 22.54 45.38 0.49669
0.3125 17.70 18.26 35.96 0.50779
0.4375 14,79 15.40 30.19 0.51010
0.5625 12.46 12.86 25.32 0.50790
0.6875 10.73 11.06 21.79 0.50757
0.8125 9.02 9.30 18.32 0.50764
0.9375 7.53 7.80 15.33 0.50881
1.0625 5.66 5.95 11.61 0.51249
1.1875 3.31 3.61 6.92 G.52168

A conservative R will be the minimum value of Reff in the above table.
The maximum stress distribution and the conservative R are then specified
as shown in the input data.

Also note in the output data of sample problems 1 through 6, the
failures are due to nebt-section yielding. In sample problems 7 and 8, the
failures are due to the exceedence of critical stress intensity factor
(fracture toughness) values.

Predicted and experimental data are compared in Figure 3-5, The curve

labelled PLASTIC STRESS corresponds to present output data.
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Figure 3-5. Cormer Crack Growth Data and Prediction,

Aluminum Lug, Ro/Ri=2.25, g =15 KSI, R=0.5
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SAMPLE PROBLEM #9

In all the sample problems presented thus far, only simple constant
amplitude loading i3 illustrated. This sample shows the input for a
slightly complex block spectrum loading. The schematic and details of
block spectrum loading are given in Figure 3-6 and Table 3-1. The method
of inputting the block spectrum is shown in the input data.

The above block spectrum will introduce spectrum retardation effects.
The Generalized Willenborg model ('IRETAR' = 1 and 'IMODEL' = 2) is used in
this sample problem to account for the crack growth retardation effect.
Values of 0.0 and 3,5 are used in the input for the parameters !'XKMXTH'
(maximum threshold stress intensity factor) and 'SOS' (overload shut off
ratio), respectively. These values correspond to a value of 0.4 for the
factor ¢ of the Generalized Willenborg equation. ‘The plastic zone is cal-
culated assuming a plane stress condition ('IPLANE' = 1).

Figure 3-7 shows the analytical-experimental data correlation for this

sample problem, The labels mean the follow!ng.

[A] - Hsu retardation model is used

[B] - Generalized Willenborg model is used (Present output data)
[C] -~ Willenborg model is used

[D] -~ No retardation ef{ect is considered.
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N
N9
8
N, \
STRESS RATIO, © =0.1 " \
1.00+ > \
v LOAD B
FACTOR
. 0.50} .
Ny
N3 i
N, N,
0,0—== o
NUMBER OF CYCLES
Figure 3-56. Schematic of Block Spectrum Loading.
TABLE 3.1. DETAILS OF BLOCK SPECTRUM LOADING
STRESS DATA CYCLE DATA
LOAD FACTOR MAX. STRESS NO. OF
SYMBOL VALUE LEVEL (KSI) SYMBOL CYCLES
o, 0.45 2.7 N 950
o, 0.55 3.3 N, 650
03 0.65 3.9 N3 450
o, 0.75 4.5 N, 250
o5 0.85 5.1 N, 136
o 0.95 5.7 N, IAA
o, 1.05 6.3 N, 15
Og 1.15 6.9 N8 4
o 1.25 7.5 N, 1

NOTE: UNIT LOAD FACTOR = 6 KSI; R = 0.1
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SAMPLE PROBLEM #10

This example corresponds to prediction of corner crack growth behavior
in a lug subjected to a much more complex spectrum of flight-by-flight

lcading. This spectrum is typical for a cargo aircraft (C=5). This spec-
trum inclydes thirteen different missions (0, 1 through 12). The details
of the missions are provided in Table 3-2. In this table, a special load-

ing cycle is defined in terms of N/FLT = 0,1, for example in Mission 1.
This simply means that the particular load is applied once in ten

occurrences of this mission. When Mission 1 includes this load it is
referred to as Mission 1¥, 1In the input for this problem, Mission 1 and
Mission 1* are treated as separate missions. The sequence of missions in
one pass (mission mix) of the spectrum is given in Table 3-3. One pass
consists of 120 missions and one mission has the same meaning as a flight.

In this sample problem, the Hsu retardation model ('IRETAR' = 1 and
'"IMODEL' = 3) is used and the yield zone is calculated using the plane
strain condition ('IPLANE' = 2).

Analytical and experimental results are compared in Figure 3-8.
Labels [A]}, [Bl, [C] and [D] mean the same models as given in sample

problem #9,
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TABLE 3-2., MISSIONS DEFINITION FOR CARGO SPECTRUM
MAX iy
STRESS STRESS
: ¥3T X3I N/FLT
- MIS O
1¢.108 -1.184 1.00
MIS 1
. 18.083 -1.808 1.00
L 423 2.423 1268.00
13,402 9.492 193.200
< 15.1C6 2.106 24.00
15.863 7.2%63 4,00
16.909 5.572 1.C0
18.083 2.602 .10 *
Mis 2
17.987 -1.799 1.G0
3 5.080 3.080 2273.00
3 13.824 9.824 204.C0
15.189 9.189 25.00
15.908 7.908 5.C0
16.859 5.494 1.00
17.987 2.3584 .10
MIS 3
16.751 -1.675 1.00
4,888 2.888 28¢1.70
14,139 10.139 227.C0
] 15.304 9.304 25.00
1 15,918 7.918 L,00
! 16.751 5.302 1.00
3 MIS L
3 16,595 ~-1.669 1.00
6.157 b, 157 2827.00
14,755 10.755 209.00
15.562 9.562 3.00
16.065 8.065 L, oc
16,695 5.536 1.90
i s 5
17.952 -1.,795 1.0C
b, 737 2. 737 2069.0C
. 14,329 10.329 175.00
15,420 9.420 21.00
1€.101 8.101 L,Co
1£,936 5.96L 1.00
17.552 2.588 10
1 * N/FLT = O.1-Means the applica*ion of +his load once in =an oczurrences
of *his mission (refer to sequence cf missions tabla).
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MIS

MIs 3

TABLE 3-2.

MISSIONS DEFINIT1ON FOR CARGO SPECTRUM (CONTINUED)

MAX
STRESS
KST

16.778

6.313
15.372
15.904
16.321
16.778

17.861

5.628
14,634
15.592
16.232
16.916
17.861

17.518
6.414
15. 401
15.941
16.373
16.820
17.518

17.761

6.54,
15.197
15.858
16.406
16.G613
17.7¢1

17.C01

6.206
15.273
12.918
16.475
17.001

MO
STRESS
KST

11,401
9.941
8.373
6.253
2.591

-1.776
L =4y
11.197
9.858
8.406
£.654
3.686

-1.70C
4,806
11.273
5.213
8.475
€.760

N/FLT

1.00
3082.00
204,00
21.00
3.C0
1.00

1.00
2100.00
164.00
19.00
3.00
1.00
.10

1.00
2714.00
187.00
19.00
3.00
1.00
.10

1.00
2260,00
161.00
17.00
2.c0
1.00
.10

1.00
189,00
151.00
18.¢cC
2.00

1.00
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TABLE 3-2. WISSIONS DEFINITION FO2 CARGO SPECTRUM (CONTINUED)

MAY MY

STRESS STRESS

KST ZST N/FLT
* MTS 11
14,346 -1.808 1.00
. 15.523 .C00 1.00
15.523 .000 1.00
15,523 .000 1.00
18.083 .000 1.00
15.523 .C20 1.00
15.523 .000 1.00
15.523 .000 1.00
16.191 .000 1.00
16.191 .0C0 1.00
3.774 1.774 518,00
12.842 8.842 419,00
14,346 8.546 51.00
15.523 7.523 5.00
16.191 6.191 2.00
16.913 4, 425 1.00
18.083 1.151 .10
MIS 12

15.650 -1.8k9 1.00
15.650 .C00 . 1,00
15,850 .000 1.00
15.650 .000 1.50
18,487 -1.840 1.00
15,650 .000 1.00
1€.323 .000 1.C0
16.323 .000 1.00
16.323 .000 1.00
3,848 1.848 6512.00
13,112 9.112 585,00
14,774 8.771 69.00
15.650 7.650 12.00
16.323 6.323 2,00
17.267 4,096 1.00
18,487 L9159 L0
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15 TABLE 3-3. ONE PASS OF SEQUENCE OF MISSIONS OF CARGO SPECTRUM
7 SEQUENCE MISSION SEQUENCE MISSION SEQUENCE MISSTIOh
_ NO. NG. NO. NO, NO. No,
10
1 1 7 61 2 81 7
15 2 8 42 5 82 12
%, 3 1 43 12 83 11
v 4 2 44 7 84 9
5 S 12% 45 2% 85 7
o 6 7 46 8 86 8%
2 7 5 47 1 87 2
[ 3 11 48 9 88 5
3N 9 8 49 4 89 1
\ 10 9 50 7 90 12
i 11 7 51 12 91 7
& 12 1 52 8 92 10
23 13 12 53 11 93 8
14 2 564 5 94 11
G 15 7% 55 7% 95 3
- 16 3 56 1 96 7%
31 17 11 57 2 97 2
34 13 5 58 12 98 1
3 19 1 59 8 99 12
% 20 7 60 7 100 5
y 21 12 61 0 101 7
[ 22 4 62 3 102 8
03 23 2 63 5 103 9
1 24 7 64 1 104 2
- 25 8% 65 7 105 7
X 26 6 66 12% 106 11
k 27 11 67 8 107 12
4 28 1 68 2 108 1
o 29 12 69 11 109 8
2 30 7 70 9 110 5
1 31 3 71 7 111 7
- 32 2 72 1 112 2
iy 33 5 73 12 113 12
) 34 7 74 3 114 8
i 35 1* 75 7 115 7
: 36 9 76 5% 116 9%
- 37 12 77 2 117 1
2 38 3 78 4 118 11
X 39 11 79 1 119 4
$ &0 7 80 8 120 12
G
<1
D *Missions with application of once in ten occurrances loads (i.e., loads

with N/FLT = 0.1)
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4.0
1.0

1.0
1992.0
193.0
24,0
4.0
1.0
1.0

1.0
2273.0

204.0
25.0

91

Line 7:

Line 8:

IRETAR =
Account retardation

effect

1, IMODEL = 3,

with Hsu model

IPLANE = 2

Lines 9,10,11,

12%,
Flight-by-=£flight
cargo spectrum

definition beginning

A, WL 655 55 A, Rl A3

13:



y
i

et :n‘f'f:’u "‘
!ﬁ?m:‘& ENCRP

-
"
[

3

DO L BN S

AU R

&

O N S
Yo

[ e Sy
Do) B SR A 2

NN SN B O o
R e IR N (N}

NS SNIN N
N O O b

SO0 0 0 00 NN
B by e OO
e sa s

LU

. e
Do

RUR RN )

'~
o

R R R 1)

9
Foy

RN

1 s

-
=

N N O I N

% s wr s se 2w S8 4b SR g

IR
-
oL

-~
'~

1¢G

¥

15,189
15, 903
16,3299
&
MISSION
1.0
164,751
4,282
14,139
15.204
15.9212
14,751
7 2
MISSION 4
1.0
16,4695
& 157
14,755
15.562
146,043
14,475
MISZION S
1.0
17.952
4,727
14,329
135.420
14.101
14,936
v 2
MISSION S
1.0
17.9%2
4,737
14,3229
15.420
16.101
14,924
17.952

10 2

W RN

a0
o’-‘

7.9
5.474

1.0
-1.79%
3.020
P. 824
Q. 189
7.90&
3.494

e
LN ] \..":‘4

1.0
-1.47%
2.38%
10.139
2.204
7.91%
S.3202
¢

1.0
4,157
10.758
P 042
2045
S5.536
&

1.0
=1.7%2%5
24737
10,3229
Y. 420
S.101
S. 944
7

1.0
-1.79%
2.737
10,229
T AZ0
2.101
T4

=T o)
PR Rt

iesh

o

— ]
[ ] L]
toX el

1.0
22732.0
204,0
23.0
5.0
1.0
1.0

1.0
2891.0
227.0
25.0
4.0
1.0

1.

2827.

209

1.0
2099.0
175.0
21.0
4,0
1.0

b3
oo

=
&

Ic)
.0

[y
XA
o e ) D
L .
[ )

a
-~

o
'~

92

EITRL N W SR m N ey ke m T e e e e



101

Loz
10z
104:
1605
104

.= .

1 (_l a3

Fock  poa pm o pe
-
s

[T
'S

g3

-

bd pn ok ek ek b bt s
~1 ]
e ey aa

A X ]
.. [ ITY

b3 o T
L3 ,e [ 33

48 a4 s

Foon Job ek fen pak frem ped peb e bk pk ek ke

A I

RN COUN J B I O R I A
)

)

[ Sy
OO O X
e

Py

se &0 3L % 4e aa

o
[

foub e peh et

=4
=5

-
-
P

-
-
-
-

-
-
.

s

.

3

RN

N
s aa

i

Ll N R e I R N T Yoy
T N A N
AR B R Y B S ]

)
S8 S8 S%  Ba e e Fe 8B 4n am

D~

[ ™)

N4 £

d

!
.

MISEION

1&.
&

O N
N B i

o~
!

[y
il
Vat

e
]
<

=
-t
=
Y e [
0~d [ L~
- ) .
- Z Kt

!
o

LRSI | I
Lol OC I D A x

o~
X%
<

=
LI

.
[t

L e
G b O

=X
Y-
DO
Y P SR P W S
b4 ~ G
[ .
o 2 [ux]

[

e AU

30000 T

—~

RS N S0 R U SO N ¢
(s

1.0
—-i.&73
4,312
272
. 204
o2

& 050

i

ey

~

DILEE ot
1
Py
»
o
i .
DS

4 10,434
= PSR
e 2,230
& LZ8E

o

]

1
"
s‘

~Eta

*

&l -1,

= L A2
=4 10,424
¥ 7, 59
T

e

A A

14

t

U S O
P
b pt
S
4
=Y
[y
S

. e

!
e
-
-
!

G
|
)
]

401 11.4014

1=,

15,941 7,741

16,273 2,273

14,220 L2853
13 e 7

MISSION

frory

S
e
N

Sk Pk

. Q) 1.0

DOSION [ I { BN |
s
B O
o

= -1.75%

4,414
11.4a1
T, 9d1

LoZT7E S.37s
14,820 H.E2TR
- - I
17.512 RS |
15 -~ .
e Fa o)

MISEION

AN

i7.

.
Fe.
o

¢

‘ -

1.0
-1.774

'

1.0
2022, 0
2048,0
21.0
Y

1.0

1.0
2100.0
14,0
12,0
=.0

1.0

1.0
2104.0

1.0
2714.0
187.0
12,0
2.0

1.0

1.0
Z714.0
127.0
17.G
2.0
1.0
1.0

93




Pil ¢

24
:%
# 151 t.544 4,544 Z2E0.0
b 152: 15,197 11,197 161.0
i 153 15,252 S5 17.0
154: 14, 404 2, 404 2.0
2 155: 14,913 B P 1.0
3 154 14 z .7
=3 157 MISSION 9%
= 15 1.0 1.0
i 159: 17.741 -1.774 1.0
5 1401 4.544 4, 544 ZELO.0
>y ST 15,197 11.197 1£1.0
K> 162: 15, 255 v, 253 17.0
Y 143 14,404 . 404 2.0
= 144z 164,913 bo&74 1.0
: 145: 17.761 484 1.0
¥ 144 17 z A
3 ) !
i8] 1472 MISSION 10
i FX-H 1.0 1.0
1493 17. 001 —-1.700 1.0
170z

L, 204 4,204 1929.0
| 171 15,272 11,273 151.0
3 172 15,9153 9,915 18,0
& 177z 14,475 2,475 2.0
8 174: 17.001 Lo 74O 1.0
= 175 = 11
= 174: MISSION 11

177 1.0 1.0

Ty
o

77:

175

17%9: 15.32% 0.000 2.0
130 1%, 023 Q.000 1.0
131: 15,322 0. 000 2.0
B 14,191 QL. 000 2.0
ECH 2.774 1.774 5412.0
24: Za242 S.242 419, 0
25: 14.3244 2. 544 21.0
ke 15,523 7.523 7.0
27 1&£.191 L1918 2.0
R 14,912 4,425 1.0

DR
d G

ot b b e b pd e b peb b et e

CECTE | b

YO MISSION 11

Ty 1.0 1.0
2 72 14.54¢4 1.7
=) gL 15.523 30
£ 194 12, 023 0. 000 1.0
Ed 195: 15.523 0. 000 2.0
;g 154 14,191 0,000 2.0
,§ 1972 Z.774 1.774 S413.0
g ioar 12.324% TS24 41%,0
39 199: 14,544 . SdA =i.0
33 200z 15,523 7 53T P00

Wk A

o> i
¥

a0

" ”
VAL ey

94




N O LR R TR AR SRS

14,191
202 14,713

plale 1=, 053
204: =0 4

205 MISZION 1
1.0

Q07 15450

ZoEn 13,4650
12,427

) 10z 15, 450
1 Tt 16,223
S hug Dl T, 243
b ST 2112
= Z14: 14.771

ki

i
‘"
'

215 15,4650
Ié'n 323
17267

=1 2

1.0
15, 50
15. 4650
12,487
15,450
14,222
.24
R
771
&S0

L)

(A

b b b bt ek e
st

.

ad

b

o

Pl &)
£0
~N

2

[ X

YO =

L X
e -

1=
1=
15
11

-

20

<

1=

[ N U T O N T Sy T Vi W VIV T WY

=
-

MIZZION 12+

o et e A ) Loy R ot G, B

T AT A TR I T SR WA TR

Lo 131
4,425
1.151

-1.34%
0,000
-1.849
0,000
Q. 000
1 SIAS

=t o]

¥. 11z
2.771
7o &350

L o )
[l S s 4

4.4
12

1.0
-1.=24%2
O, 000
-1.84%
QL. 000

0. 000

l.é.é
Y. 112
2.771
7 ATO
L322
4,098
O.719

2.0

1.0
1.0

1.0
2.0
1.0
1.0
2.0
LS12.0
S5&,. O

L. 0
12.0
9.0

1.0

1.

T

1.
1.

-
-'e

6512,
54,0
£9.0
2.0
S.0
1.0
1.0

D D

- -~
D D

95

Flight-by-flight
cargo spectrum
definition ending

Lines 14,15:

Mission m'X
definition béginning




o o M,
ol

=

el

7

1:.5:1

wow e

o

'V"'

o

251:
-,
252
-:.f:ll:..
Fataiii
254:
285

2542

A
L ]
~

L
~0 00

o~
D]
% 83 8s s se

thds QY b=

QU QUM U N T AT N

i O

-

H
-
2442
-
2850

24
267:
LS
249
2708

271¢

.
.

b i S N ]
7w
- e
2758

274
275
2748
277:
273

2791

2802
221
282
T T e
LSene
2&24:
T -
e te
2842
2871
-3:
2293
29032
291:
2t
et
4 L]
.
H

&

7

o

[

DB e BN D e B0

Pk b ks
1]

a3

t-

20

o

e
o

20

o

5

Y

11

[y
D

DU

20
11

1en

-~

15

20

)

[y

Lo R ]

L el e B A I Y

S SO

[
[

-




e AT Eore T e oy W e o T R i e o i S o Er e 63

205

inTo

207
2OSs
o0
=10
ER R

oy g
/]

ch e
=14:
S5

214

a» as

~d

[

P
2
e

I
NI I
1

R
1]

P
=

bl

20

1=

bR
n

12

CC R 4
= 20
42
G 1 .
BT o 1
1

O
1~ D

[ ) BT R x|

L0 T O 00
9
»n s

[T
Q]

LO T

=y

LU e
“w
A b 0003 PO

N R Y

L0 S0 D3 D) K 0

: i
247 20
el 3

2471

et H

il
14

T T S T T T I o R O S T e ol e e el o e e e e e e e e e e e i ol ol
oy
f Y

97

L R A e TR T £ et T R R A 3 B ey RO B T T Y e N S-S T e - .
: i = a“t}'\‘t%""{‘,‘.ﬁ‘!,:{‘\'f.j“ .F ‘.\}.‘-’.\' ,“:.,\‘1.‘:.‘ "‘1\(“*;&\.‘,.‘ Bt N Sy -\'z“-‘ "~ _\’i“‘.'&:."“';‘}" ‘\-‘{"‘-‘ [ s ﬁs,‘ LA ST b e e % S

. P




o e - B W T Y T T L A . T R S T T T T e P A A m T T R e o L W e BT IR SR TN R

JETUEET I e A T T TVEIVE T eI R W SR ICE TR o AT

sy 1 )

RS 1 1= Mission mix

el i 7 h n e

3 7 definition ending
254 1 20_ _ _

ZEEe 0 o O T T T T T e R e e e
2hAe ‘: 7800 . SO0 0. S000

3

QZ500 « BOO0
C)I "
0 Q

e

LS TR
[S=s
(o

Le)

246 0. S.145

SAY Q.1 4.101

IeZ: 0. AT ]

RN Q. 1,854

S 0.7 1.497

e 0.9 1.243
1

1 LS
1 0,297
1.5 0.744
1.7 O.Eq
iz

[ ]
¥
o
L
0,
l:. 'l

‘_g *"h"'m f‘]




g

€001L°E
88887°1
[AS7A RN
992€8°1
QOLEO°Z
1260872
veiuy 2
88065°Z
TE/TI T
L6EBS T
8ZBLY T
EaG00°E

N

("NI)LHOS#ISH

60-ZS608"
S0-9504Z "
S0-1/5Eb°
S0-06951
F0-97669°
J0-1Z68€ "
90-8z9cZ *
J0-51891°
' o-Ebpay e
FO-9b0LT "
Fu~ErLlZ”
LO-89T08°

J
SINVLSNOD S.NUKHNOI

0007 *~

SI OIlvd SS34LS INUMOTIY HOWINIW
000%°  SI 3Alvd IINLITDWY LNYISNOD

Q0L LS (V1000 =3
000°8Z 00008
00821 [o25]5 g =154
QGE "8 00082
010°9 . 000 v
0gé e oYo o
0GR Z N0V 21
o1st QO e}
£E3 " QU Y
Z8p " LTS
FA' 7 QUOTL
0t ° QU0 S
¥S0* Goo.¢|
(I1IAD/SIHINIOMNDIN) SIHINI 40 100y
(NI/9d) 3LV HIMOXMD MOWHD (lv) ALISN3LNI

YD ¥ E0 AN 3NC 40 HIMOMD J0 310 BINLITGHY INYLSNGD

00Z°tZZ SI NOILUNDI NUWHOZ NI 33SN 3INWA I

99

‘DS X ISAH
$53d1%

" g e
.

Fu bl

'A_jf
N

S

-

j_'.}x

EN
Ay
%




' ' oV £09°ST EET [Z=25044 £86°LT, L
: 01 Sop°Tt Kze” pob S ée5°71 9

8 0°5 o005 Léw” B06L S0 °S1 S
05z 000y G09° é31°6 HBTST v

. 0 poZ 000t i3 VA vZ3°6 vZ3 e £
0°2LZZ 000°2 09" 0BO°E 030°5 z

0°1 3L ODf - EE6L° T 436 LY 1

! SSUd/3NIA3 ﬁ2~zmix%1mv. S, (XUHS/NINS) ¥ (I5H) NIWS  (ISH) XUKS  “ON ¥3AYT

SHAGH 00T 0L IN3WAINDI SI NOISSIW SIHL 40 IHOING 3NO
*Z NOISSIW 04 WNH1J34S SSTHLS S "ON NOISSIH #

g o1 Sov 1l QzZe” vév 'S 868791 9
0% 0003 2= M BOS°L B06°S1 [
0°8Z o1l B 4 G07° &81°6 &31°SY 14
0 %02 000°¥ . 114 ¥23°6 yZB8El €
0 €LZZ 000°Z F09° 080 ‘& 030°S k4
(D] 9BL 6T 00§ "~ E8L" T~ £36°L1 1

SSUL/ITIAD  (NIHS-XUHS) S.  (XUHS/NIWS) ¥ (ISH) NIKS (IS3) XUKS “ON ¥3AVT

SHONOH 00°7 01 INITWAINDI SI NOISSIH SIHL 40 LHOIT4 3NO
Z NOISSIW Y04 WNHLDALS SSAULS ¢ “ON NOISSIH =

i [P 4 18v °ST 1245 2092 £80°81 L
! [s 2 1 LEE 1T oge” ZL5°S 604 °91 ?
228 2 000°8 3 A £98°L €y8°51 S
[ 28 24 000°9 £09° 901°6 FOT1°51 v
0°€61 000°¢ yoL” F2-3 A 2ot £l £
0°8661 000°2 865" €2V T [>rA A 4 Z

0"y 16861 GOT "~ 803 1~ £80°81 I m

—t

SSUJ/INIAD  (NIKS~XUHS) S¢  (XUWS/NIWS) ¥ (ISH) NIWS (ISA) XUHS “ON ¥3AYN

SUNOH 00°T OL IN3TWAIND3 SI NOISSIW SIHL 40 1HOINA 3NO
#1 NOISSIW Y04 WNYLIIHS SS3HLS £ °ON NOISSIH =

s

[ ¢ LEETT oce” ZLG°S 80E° YT b4
(o8 4 000°8 e £98°L £98°aT1 S
0°vZ 000°9 £09° 01°6 201 °51 v
a 0°E6T oVo°Y POL” (43 A ) Zab el i
r 0°866% 000°Z 395" 224 A 4 A 4 <
01 163°61 COY *- 8031~ £80°81 I

SSUA/II0AD  (NIMS-XUWS) Sv  (AUWS/NIWS) ¥ (ISH) NIKS (ISH) XUWS “ON HIAAUT

e

SUADH 00°T HL INFWALNOI S1 NOISSIN SIHL 40 LHIINd 3ND
T NDISSIM  M¥0d WAYLD3d4S 353YLS 2 "ON NOISSIW #

A

[\

ST T0Z PO R 122 801°81 4

.

SSUL/T1IAD (NIWS=XUWS) S (XUKRS/NIWS) ¥ (I5M) NIKS (1SH) XUWS  “ON H3AVT

[t R §

A

Y SUAOH OG0T 0L INFWAINOA SI NOISSIN SIHL 30 {HOL14 3NO
O NOISSIH Y03 WNHLII343 SS3ULS 1T "ON NOISSIW »

R
o
P .




s

Ara

=7

L=

£

ey EINCTEY -

=

E e SRS ETE T a0 o T N LIRS AT X R RS OTC R

DPOT
07302
01

S3Ud/3NIAD

SSYU4/INIAD

SSYd/ITIIAD

-

Z
0z
z8Z

cLOOoO
—-“-NO T~

SSVd/310AD

Vit -

t4
“LZZ
0°14682
DR

o
o
(s
o)

$594/7372AD

R

S T Y T T

DIV R 4
(/2305 A
Sy 8%

ANTHE-XUHS) S

ovLe
ot
OOT -

(XUHS/NIWS) d

ZLESTY
20 €50 4
BLY I~

(I3A4) NIWS

2LEcay
> £l
BLLT Y

-

AISA) XUHS  “ON H3AUT

SHIOH OO T 0L INTWALTWHI 31 NOISSIH SIHL 40 1HOLITd 3NO
9 NOISSIN  HO0d WAMLI3LS SS3HLS OF "ON NOISSIW »

vy0° ST
TL6°01
0008
0009
000y
0002
LYl éY

ININS-XUKRS) S«

7y
288"
E0S"
e
124
8L5°
001 *

{XUHS/NIWS) o

SUNOH 00°T 0L INIFWAINLI

L6701
0003
000°9 '
000y
0002
JA 743

(NIWS=XUWS) S

SHNOH 00°T1 0L IN3TWALNY3 SI NOISSIW SIHL 40 LHOIMd 3NO
SONOISSIN  HOA KWNNMLD34S SSAMLS 8 “ON NOISSIH »

&6S1°11Y
000°8
000°9
000
000°2Z
v 81

(NIWS~XUHS) S

#S NOISSIW 04 WNMLDIAS SS3ULS 6

zse”
€05"
119"
1zLe
848"
001 *~

{XUWS/NINWS) ¥

ZEe”
205°
vig*
&ZTL”
SL9°
00T *=

(XUWS/NIWNS) o

.

BE3°Z
ves°S
J01°8
OZY "6
&2E0T
LEL°Z
BEL T~

(ISAY NIWS

ZGé LT
9E6 " 71
101 °91
0Zy*S1
34508 41
LEL Y
TS5°LT

NSO N

({1SA) XYHS  “ON UTAU

SI NOISSI~ 3IHL 40 LHO9IMd 3Nu

v96°S
101°8
(224 A1
62Z2°01
LELT
SAL° 1~

CISA) NIWS

988 s
890°8
Z95°6
862401
LS8T°Y
5991~

(ISM) NIWS

IES I
101°91
ozZv 'Sl
[-F4A0e 2
LEL"Y
(A~ Af

(ISH) XU

S49°91
S70°91
Z95°G1
GHLbT
L5319

86991

{ISA) XUHS

"ON NOISSIH »

“NMeln O

WS ON ¥3Av1

101

N TS

*ON Y3AUT

SHMAOH 00°1 0L INWALINWI SI NDOISSIW SIHL J0 1HOIT4 3NO

[ 310 R
000°%
000y
000t
0002
Tv ‘81

(NIWS—XYHS) S

v NOISSIW UOd WRLI3LS SS3ULS £

Lie
Lév”
8O
LIL”
Te5*
[0V 3 )

(XUWS/NIWS) H

20e°5
8144
boE"s
&ET 0T
3832
GL° T~

(154) NIWS

154791
BI6°ST
oS 31
LT b1
883°v
1S4°9%

(IS XUWS

“ON NOISSIH »

LeNs RV AR TR

“ON H3AUT

SUMIH 00°T ul INIWAINDI SI NOISSIW SIHL 40 LHOITA 3No

£ NOISSIW U3 WNYLD3dS SSAMLS 9

CON NOISSIW =

D | ‘ TALE KSR AEAT w3

B
r
1*
*

RYLT

f

T v e

5 -
B IR




SEVA/ATIAD

.

e
™~ o
o

R0

coooooe
- ON e

S3U4/3T10AD

SSY4/3T0AD

SSY4/30AD

!
€
&

ﬂ.
vl
001Z
¥

-
-
-
.
.

COCOCOO

S3Yd4/370A0

UNTHS~XUHS) 5.

CXUHS/NIHS)

C(ISA4) NIWS

GISA) XUNS

“ON 43A0T

SUNOH 001 DL INTWAINOUE SI NOISSIW SIHL 40 1HOITS 3NO

[24-38 2 ¥
L9507
DlvIv g
0009
000V
000°Z
0LZ 6%

(NIHS-XUNS) S

é NOISSIH  HOd WNNLI3JYS S353ULS ST

LU e
cLe”
115
vy
oveL:*
BOY*
(2] Bl

(XUWS/NINS) ¥

166°2
ESQZ*Y
€LE"S
v6°6
10v°11
viv'y
AT S

CISH) NIWS

8I5°L1T
0391
L4891
3 -2 ]
TOv *3%
viv° Yy
31543

C1wA) XUNS

"OUN NOESSIH #

“NGTPON

“ON HIAY

SUNOH 00T 0L INITWAINDI SI NOISSIW SINL 30 LHOITS 3NO

£95°0%
0003
000°9
o0y
000°Z
0LZT°6%

(NIKS—XUNS) S..

#8 NOISSIW

ZLE"
11s°
124 M
owL”
839"
001 *~

(XUHS/NIKS) d

HOd WAMLD34S SS3ULS »Y

£52°9
€LE'B
18 20
vt
tiv°y
ZGLT T~

(15A4) NIWS

0Z3° 71
ELEY}
Tvs°St
1ob 3§
viv'y
BIG L1

CISA) XUWS

"UN NDISSIW »

LA S KA -3 7}

“ON H3AWY

SUAOH 00°t 0L AINFWAIWIA SI NOISSIN SIHL 40 1HOLTd 3NO

b4 3 3
86G°0T
0008
000°9
000y
000°Z
L¥9°61

{NINS—XUW3) S.

8 NOISSIH MOd WRLIILAS SSIULS &1

L81°
N
£05°
S19°
Lzl
Sv9”
007~

(XUNS/NIWNS) o

Sec e
8SE 9
ZEZ'8
265°6
¥EF 0T
8Z9°€
98L" 1~

{ISA) NIKS

198°L%
914,91
ZeZ 91
TER°ST
LA A
8z9°s
19847

CISN) XUuWS

“ON NOISSIH »

- NOTLN

“ON H3AYT

SHUNOH 00°7 0L INIATWAINDI SI NOISSIW SIHL 4D LHOING 3NO

85501
000°8
000y
000 ¥
000°Z
L¥? 6%

(NIHS~XUWS) S

#L NOISSIW 04 HOY¥LOALS SSILLS ZT

QLE "
L0%"
S19°
LZL*
Sh9°
001 °-

(XUWS/NIWS) Y

88€ Y
ZET 8
Z65°¢
YE9 01
8Zy°¢
98L° 1~

(I354) NIWS

i1
2eZ 71
55 ST
A A
8Z7°S
193 L1

CISA) XUKWS

CON NDISSIW »

“~NOTWL

"ON HIAYT

SUADH 00°F OL INIFWAINDI ST NOISSIM SIHL 40 LHOI'4 3ND

824701
L TiTs -1
0009

4 NOISSIW ¥4 WHLOA4S SSuMLs If

19e:
015°
£29°

050
1Ze°8
v06°¢

BLL 21
1Z£°91
s st

“ON NOISSIM »

7
S
14

-

m_ v

At ey,

L

N, TR

Tk SN F e T
TR LN E T

*
-

102

T~
'

R ECRT AR R
ek ;

TETBES

Y

-t

o
oy W

_h-
'
§
r




L (1 £25°S1T 000 DD £ 51 14
, Q1 £330 8T 000 * DD £30°5371 i
0 [t Rt g 00 * aloT) Bg £35°S1 Z
0y YEETT [l 2 B BOZ - VS vl §

BEYA/ATIAD ~Z~IMIx¢E,,w<~,Up< (XUHS/NINSY ¥ (IS0 INIHS  (F3W) XUWS  “ON ¥3AUM 3

SUAOH 00°T 0L INIWAINLII SI NOISSIN SIHL I IHOINI 3NG
#I1 NOISSIW U0Y WNHLIALS 2953HLS &1 “ON NOISSIH # '

. 03 L=l A fA A v 4 £1e°91 17

0z 000701 zBE " Y619 1561°9% o1 !
05 000°8 =31 EZTSL, &ZS° 581 é '
(Rl £+ 0002 885 ° S °8: IS Hl =3 Y
06ly 000 639" v3°8 ZvacTy L )
0 gIvs 000°2Z oLy * viLty viLce K4 "
0°Z, 161 °91 ono* 000 * 161°91 S A
0°€ EZS 51 000° Q0o €TSS ST 4

o't £30°81 000 000° £80°51 [ ’
(5 B> [orA=pgd -3 1 000" Llels o EZ5°5T Z v
0°1 vsE“9¥ LA 803 1~ S Yy 1

SSUL/ANIAD (NIWS=XUWS) So  (XUHS/NINS) 8 «(ISH) NIWS (ISH) XUW3  °ON H3AU7
SHAOH 00°1 0L INIWAIND3 SI NOISSIH SIHL 40 LHOINS HNO

. . T NOISSIH HDd WIYLDAdS SS3ULS S1 "ON NOISSIH # ¢
. , " _a
0t vz o1 ok 09L"9 10041 v
0°Z 0008 vis’ al¥'3 SLEU9T 5
. 0°81 000°9 £29° 816°8 516741 v ,
o°1at 000 ecL” £4Z°13 £2Z°51 e
0°6861 000°Z 90L* 908y 089 z m .
o1 10451 007 *~ 004§~ 10041 1 < \

SSYA/TTIAD (NIWS~XUHS) S (XUYHS/NIWS) ¥ (ISH) NIWS (ISM) XUWS *ON ¥3AU1

SHNAOH O0°T 4 INIAWAINOZ ST NOISSIW SIHL 40 UHOINE 3AND
O NOISSIH HOd WMMLI3JLS S5S3ULS L1 *ON NOISSIW #

Tryres

01 . SL0°YY 80z * |9 € 19L°Ly A 7
[P § &1Z°01 Q6L ” V69 'y S1E*9T k4 b
0°Z Q00 B [ 0 003 90t 71 S b
0L Q00 Y 29 35876 883°51 v iy
0197 Q00 ° ¥ LEL” LST 1t L6151 £ i
00972 000°Z ve9” LA 20 4 brL -y <

(SR § LEG 6T DOT -~ L= (57N I

SSUA/3T13A0 (NIWS-XUWS) Sv  (XUWS/NIWS) 2 (I33) NIWS (IS0 XUKHS 0N ¥3AU"

SUNOH 00°T OL ANIWAINGZ SI NOISSIW SIHL 40 LHOINH4 3NO
#5 NOISSIM U0 WIRLDI345 S5SIMLS §T ON NOISSIW

o1 61T 01 oL oy L1691 7
, 0z o008 Zis” WY 3 IOv 71 S
, 0°L 000"y zz9 855°6 853°S1 3
0191 000 v LEL” L&V 11 L&V ST €
0°092Z [els T Rt vy (2334 rysy 4
0°1 LES CY 00f - FLL T~ 19448 f
v !
» - » -

e aiatd L
o B AT AT R AR &

g e g
ot Jniii kﬂ..,da, i ]
o ) R "o




03 89R°LY 0%0° &1 LB 8T 21

. 10°3 TLT €Y LEZ" 950 ¥ LT LY 11
0°s 00001 48€° €289 EZE*9¥ oy
0°Z1 0008 [-2:1 0S9°L 059°53 4
0°69 . 0009 [ 2 L8 YLLV] 8
0985 000y 67" Z11°6 ZI1°ed L
0°ZI1S9 0002 03¢ ° B8y3°1 B¥3°E 7
[V he > £ZE°91 000° 000" " €ZE° 9T S

. 0y 08971 . 0007 000 ° 08951 1 4
0°1 YEE 0T 001~ L¥8° 81—~ L8681 €
0°c 057°S1 000 000" 057°51 Z
o1 &6k °LY 811"~ &8 - OR9°S3 I
SSYA/ATIVAD  (NIWS~XUHS) S. (XUKS/NIHS) H  (ISH) NIMS (ISH) XUHS °ON ¥3Av1
' SHAOH 00°T QL INFWAIMDI SI NOISSIM SIHL 40 LHOID IND m
#ZT NOISSIH HOd WAMLIIMS SSAYLS IZT “ON NOISSIH » -

01 TLY°EY LEZ® 950t LITLY 13}
0°s 000°0% 488" (EZE*9 £2e°91 3
023 000°8 &8 " 059°L 057°&1 4
049 000°9 yém? 1eL°8 TLL°w1 B8
0T I8S Q00°y SE9° E4 3 8- ZI1°EF L
0°ZIS9 000°Z o8y 3¥5° 8¥3°¢€ 9
0°E £2€°9% G00” 000° ETE 9T s
0°1 0S9°ST 000" 000 QS9 sy [ 4
0°1 EEO0T 001"~ -3 250 L8¥ °31 £
0°E 059 st 000° 000 Va7 ST z
(2 1 b6 Ly (=18 S (2 -0 i 059°QY t

SSUH/IATIAT  (NIWS-XUHS) S (XUKS/NIWS) 8  (ISH) NIHS (ISH) XS (N d3AV"

SHNDH 00°7 0L ANIWAINBI SI NOISSIH SIHL 40 1HO1T13 3NO
2T NOISSIH HOd HAHLIDALS SS3ULS OZ *ON NOISEIW +

03 TEE° 9T ¥90° IS¥°% £80°81 1
o1 SEY -2y A 2 STY Y €191 1
0z 000°0% Z8€° 161°9 16194 03
0°6 000°8 SBé° £Z3°L £25°87 [
(o2l £1 0009 885%° S8 ki 2l 8
[oA¥-284 000"y 689 ° Z¥5°8 Zy3°Zy Fa
0°8leS 000°Z 74 A YLiLey YiLE v
0z 161°91% 000 00" 16193 =

oy A

i




al

I ek

o (N e

- e

CRCHDHNIN e MO ENNT
N J

=~ UG O
(N ot o -t

-
-

-
-

TON NOLSSIH 40 (S)LHOT ot f
*ON NOISSIW J0 (2,101 1
TONCNOISSIN 40 (S)1HIINd |
I NOTSSTIH . 90 (S)LHOIN 1
*ON NOISSIK 40 (S)IIHOIIY T
©CON CNOISSIH S0 (SYEHOI™IE T
“ONANDISSIH 590 (SILHOSINA T
"ON NSTSSIH 20 (SILHOIE Y
"ON NOISSIW 40-(S)IHOING |
TON NOISSIW 40 (SYINDINd 1
CON N ISSIH 40 (SILHOITS §
CONINOISSIN 40 ((S)YLIHOIY 1
“ON NOISSIH 40 (S)IHDINL T
*ON NOISSIW JO (S)LHOITA 1
“ON NOISSIH 40:{(S)IHOINL 1
*ON NOISSIW 40 "(S)LHOITNA 1
“ON NOISSIH 40 (S)LHOITNY ¥
*ONiNOISSIW 40 {S)1HOING ¥
"ON 'NOISSIW 40 «(S)YLHOITY ¥
“ON NDISSIW 40 (S)LHOII- T
“ONINOISSIH 40 (S)IHOITY 1
“ON INOISSIN 40 (SYLHOINL 1
*ON'NOISSIN 40 (S)IHOINA T
“ON NOISSIH 40 «(S)LHOINS 1
“ON INDISSIW H40'(SYLHOING 11
"ON NOISSIH 40 (S)UHOIT ¥
"ON NOISSIW 40 (S)HIHOINA 1
*ON INOISSIN J0' (S)ILHOITH ¥
*ON'NOISSIH 30 «(S)LHOITA 1
“ON 'NOISSIH 40 (S)LHOINA' ¥
TON'NOISSIW 40 (S)LHOINA T
"ON INOISSIH J0 (S)IHOINA ¥
“ON INOISSIM dJO (S)IHOITA 1
“ON ‘NOISSIW: 01 {SIIHOITIS T
"ON 'NDISSIH 40 (S)LHOINA §
*ON 'NOISSIH 40 (S)AIHOING ¢
*ON NOISSIH 40 (SYIHOINA 1
‘ON NOISSIH 40 (S)IHOING 1}
"ON' NOISSIH H40:(S)LHSINA' T
“ON NOISSIMW 40 (S)IHOITA 1
“ON'NOISSIW. 40 (S)LHOINA ¥
ON NOISSIW 40 (S)IHOINY 7
‘ON NOISSIH 30 (S)1HOIT 1
“ON NOISSIW 40 (S)LHOING 1
“ON INDISSIH 40 (S)IHOIN 1
“ON NOISSIW J0 (S)AHOII 1
"ON 'NOISSIW 40 (S)LHOINA 1
“ON NOISSIM A0 (S)IHOITW] |
*ON NOTIS5IW dO (S)LIHOINS 1
"ON NOISSIH J0 (S)LIHOIM4 7
"ON NOISSIW J0 (3)IHOINd T
CON NDISSIH 340 (SYLHOID ¥
"ON NOISSIW 40 (S)1HOINA 1
*ON 'NOISSIH 40 (S)IHIINS 1
“ON INDISSIW d0 (S)LHOI™NS 1
“ON NOISSIRK 40 (S)IHOITG 1
*ON NOISSIW H0 (S)LIHOId ¥

SIININEAS ONIMOTI0

SNIVLINDD L%
SNIVINDGD 95
SNIVINOD SS
SNIGINDD V5
SNIVINDD £S5
SNIVLINDD Z5
SNIYLINOD IS
SNIYINGY -0S
SNIVLNOD &t
SNIVINDD 8b
SNIVANGD 4Lt
SNIULINOD 9%
SNIVLINGD 'Sb'
SNIULNDD b
SNIVINDY £
SNIVLNOD!' Zb
SNIYLINOD Tt
SNIVINOD Ob
SNIVINOD &E
SNIVINOD BE
SNIVINDD LE
SNIUINDD 92
SNIVLINGD 'GE
SNIVINGD b2
SNIYINOD &8
SNIVINDD ZE
SNIVINDD 1€
SNIVLINOD 02
SNIVLINDD &2
SNIVLNDGD 82
SNIVINDD £LZ
SNIVLINDD 9T
SNIVLINOD SZ
SNIVINGD ¢Z
ENIYINOD £2
SNIYLNGD ZZ
SNIVINDD 12
SNIVINGD 02
SNIVINOD 61
SNIUINOD &1
SNIVANDD L1
SNIVINGD 91
SNIVINGD ST
SNIVINOD &1
SNIVINOD €7
SNIVLINOD <V
SNIVLNOD T1
SNIVANOD Ul
SNIYINDD &

SNIVINDD 8

SNIVANDD £

SNIVINDD 9

SNIVLINDD S

SNIUINDO2 &

SNIVINDD €

SNIVLINDD 2

SNIVINOD 1

TN ENIWOIT
“ON AN3WL3S
S LNAWG IS
4 ANINO IS
TON CLN3WO3ES
"ON LNIWOIS
*ON IN3WO3S
"N AN3WO3S
*ON LN3WO3IS
“ON INIWDIS
“ON LN3HD3S
“ON IN3HS3S
“ON IN3WHO3IS
CON LN3WI33
“ON AN3WO3S
“ON IN3WO3S
*ON LN3WS3IS
*ON IN3WOIS
“ON LN3WO3S
"ON INIWO3S
*ON. IN3WO3S
“ON LINIAWO3S
“ON INIWO3S
*ON -AN3WO3S
*ON IN3WO3S
“ON IN3WO3S
*ON LNIWO3S
“ON LN3WO3IS
*ON LNIWIZS
*ON IN3WG3S
*ON IN3WO3S
CON IN3WOD3IS
*ON "LN3WO33S
“ON LN3HOAS
*ON IN3WO3S
TON IN3WO3S
“ON 1N3WO3S
*ON IN3WO3S
*ON AN3IWO3S
“ON IN3IWOIS
‘ON IN3WO3S
"ON IN3WOIS
“ON IUN3WO3S
“ON LN3WO3S
*ON IN3WO3S
*ON IN3IWI3S
"ON AN3HOIS
*ON IN3WO3S
CON AN3WO3S
“ON IN3WO3S
“ON IN3WD3S
*CN INIWD3S
“ON IN3HOAS
“ON INIW93IS
*ON IN3WO3IS
*ON IN3WO3S
CON IN3WD3S

HHL NI Q314w
SINIHOFS 'OZTISNIVINGD (XIW NOISSIW) S3ud 3NO

L34S QeoT

PR—

105

FRETEPRI TR Yoerd

waigair pil SN

J‘sinﬁﬂuﬁ iﬁi

N
303 LAY




NG W= O M= INONC

et =

- e

‘UN NOLSLIW 40
Ol NOISSIH 20
“ON NOISSIHt 0
*ON NOISSIH d0
*ON NDISSId H0
*ON NOISTIN 40
ON NOISSIN: 40
“ON NOISSIN'
*ON NOTSSIN d0
*OMINOISSIH <0
*ON MOISSIN 40
*ON'NOTSSIN' 40
*ONINOISSIN 30
*ON!NOTSSIK 0
<ON- ‘NOISSIN' 40

“ON! NOTISSIW 30

*ON’' NOISSIW 40
“ON"NOISSIW 40
*ON'NOISSIW 30
"ON!'NOISSIW 40
"ON 'NOISSIW 40
TON. NDISSIW/ 40
SONONDISSIW: 40
“ON'NOISSIW 40
“ON"NDISSIN 40
*DNUNOYSSINWY 50
*ON'NDISSIW 50
*ON: NJISSIW 20
*ON NOISSIW 40
*ON NOISSIN.H0
"GN’ NOISSIW d0
"ON NOISSIW dH0
"ON NOISSIW. 40
"ON"NDISSIW 40
‘ON'NOISSIN 40
“ON NOISSIW d40

"ON 'NOISSIW 40

*ON NOISSIW 40
*ON"NOISSIW 40
“ON NOISSIN 0
*ON NOISSIN 40
*ON: NGISSIW 40
“ON NOISSIW 40
“ON NOISSIW 40
“ON' NOISSIW 40
“ON NOISSIW 0
“ON' NOISSIH 40
*ON NOISSIW 40
*ON NOISSIW 40
*GN NOISSIH 40
*ON NOISSIW 40
*ON 'NOISSIH- 40
*ON .NOISSIH 40
*ON NOISSIK 40
*ON NOISSIH 30
*ON INDISSIW 40
*ON NOISSIW 40
*ON NOISSIH 40
*ON NOISSIH 40

() LHOTY
{SILHDTIM

(5)IHOT

(SYLHD )
(SYIHIIH
(S1AH0171d
(SHIHDIS
(S)LHOIML
{5)1HOIM4d
{SYLHOTI
ASYIHOIN
{SrLHOI4
{SYIHOITY
{SYIHIINA
{SILHIINS
{SYLHOINS
{SYLHOIMd
4SIIHOINY

WSILHOING -

{S)IHOITY

{SYLIHOT 1Y
ASYAHOTINA
{S)ILHOINS

+{SIIHOINA

{S)YIHOTNS

(S)IHOIN.

(S)IHIOINS
(S)YLHOIY
(SYLHOI
ASHIHOIMND
€S LHOINA
(SYLHOId
(S LHOIG
{SHIHOIMA
{S)LIHOIY
(S)LHOINI
ASYAHOITS
(SILHOTIE
{S)IHOIA
{S)IIHOT 1Y
(SYLHOIS
(S)IHOINS
ASYLHOIY
(S)LIHOT14
(S)LIHOINA
(SYIHOI1S
(SYLIHOIS
(S)LHOIM
(S)YLHOIMY
(SIIHIIL
(S)YLHOI'TY
(SY1HOIY
(SYIHOI 14
(SIAHOT 1
{(SYLIDId
(SYLHOINA
(S)LIHDINY
(S)YIHDITS
(S)LIHOI 1.4

1 "ON NOISSIHW
FF “ON NOISSIW
€T °"ON NOISSIW
0Z “ON NOISSIW

5.T Q%*J
.;ﬂh?ﬁﬂ. ro* o]

40 (S)IHITY -

40 (SHIHOTIZ
20 (S)LHOINA
40 (S)LHOITY

1
R

D R R R R R R R R R R R R R R R ke R R R e R R R R R R R R ]

SNIYLINGD
SNIVINDD
SNIVINDD
SNIVINUD
SNIVINDD
SNIYANGD
SNIYLNDD
SNIVLINOGD
SNIYLINGD
SNIVLNOD
SNIYLINOS
SNIYLINDTD
SNIVLINOD
SNIVINDGD
SNIVLNOD
SHIYVINOD
SNIVINGD
"SNIVLINDD
'SNIVLINOD
SNIVLINDGD
SNIUINOD
SNIWINOD
SNIVANGD
SNIVLINDD

SNIWLINGD,

ENIVLINDD
SNIYLINOD
SNIVINGD
SNIYLNDD
SNIYLNDD
'SNIYANDD
SNIVAINDD
SNIYANOD
SNIYLINGD
SNIYINOD
SNIYLINOD
SNIYINDD

'SNIVLINOD

SNIVINOD

'SNIVINGI .

'SNIYVLNOD
SNIVINOD
SNIYINDD
SNIUINGD
SNIVLNDD
SNIVINGD
SNIVING]
SNIULNGD

"SNIUANDD
SNIYLING)
SNIVLINODD
SNILINDD
SNIVLINGD
SNIYLINDD
SNIYANGD
SNIYLNOD
SNIYINOD
SNIVINOD
SNIYINDD
SNIVLNOD
SNIVINGD
SNIVIND D
SNIVINGD

(244

511"

81l
L1}
911
SU

vur

A4
a4
183
DA
403

801
01"

01
G017
vol

£ov

Z0%
101
Q07
&6
=2
Lé
¢4
Lé
vé
£6

o
<

i

.s,, g

“ON
N
N
TON
*ON
O
TON
*ON
"ON
*ON
*ON
0N
TON
ON
"N
*ON
*ON
"ON
"ON
"ON
"ON

“ON -

“ON

*ON"

*ON
*ON
“ON
“IN

“ON"

“ON
“ON
*ON

"ON’

‘3N
*ON
*ON
*ON
‘ON
"ON

" *ON

*ON
*ON
*ON
*ON
*ON
*ON
"ON
*ON
“ON
“ON
“ON
“ON
“ON
ON
“ON
*ON
*ON
*ON
“ON
TON
“ON
“ON
"ON

ANJHOIS
ANIUI3S
LNIHA33
LN3IWDIS
JUELDE
ANIHI3S
ANIHIIS
LN3WO3S
IN3WI3S
ANINOTS
AN3HWOIS
LNIWOIS
IN3IWOI3
P AN3IHO3S
INIHO33S
VEN3WO3S
ANIHD3S
CINIWO3IS
LN3WOTS
LN3HO3S
CININOIS
1N3WO3S
FANIWOIS
JN3HO33S
T ANIWDFS
AN3NO3IS
ANINDDS
AN3HS3S
INIWDIS
JLNAUOIS
ANINO3AS
INIWOIS
ANINO3S
ANIWO3IS
ANZNO3AS
1N3WO3S
1NIHO3S
1N3WO3S
LN3WI3S
AIN3NOIAS
ANINOIS
ANIHOTS
ININD3S
AN3WIIS
AN3HNIIS
ANIWOBS
AN3NO3S
LN3WOIS
ANIWOIS
ANIUOIS
ANINAZS
ANIHO3S
INIWOIS
ANIWOIAS
ANAWD3S
ANIWOIS
ANIHO3S
LN3WO3S
AN3WO3S
ANINOIS
ANIHOTS
AN3HOIS
hzwtowm

106

-

o




;

Az

A ek

107

i NE LR Nk thai g Sl oty

R B W

Ly

A

'
3
1
y
|
m SHIAUT AUOT LSS = My
i SIAD O 1ZTI0V = MU
SHNOH 0 0L1T = S5vd HNO : JLON
! :
!
"
i
.:
i
9]
‘
Al
») ~ s o -
A T e S R Hled I PRI . SalinsdSani 2P it ) SR RIS 50 et VI AP R B




oBLLZ 0006 9 DZEr4 Al )
LD e Qo031 HORE1 .
: 2180 0Lt Q8LZ°t .
el | DOUY AR OUOLT 1
€293 1 OO0 * 1 aDs0°1
[312-0 § [sTsDr- A QnDOs*
5631 noon -1 W05L” .
GOSET [sTa v 70 059" '
¥810°Z nouvs* [ IV
35212 000L” [aierd=Rd
[ZD VX A 0009 ° 0oOSE*
Eévy 2 0005 ” 5L
¥2Z89°2 000Or 000e*
o108 QHOE * 0RZZ*
T18G°E oonz* (1013
LGEG L [Ty 0 o ouvZt”
. EE0E° Y DIsIo) i 0520°
3PS [2e] 10 [e]o 10 2 .
LOBG G 0OZ0 " 0510°
LEEY*S 010" SL)”
v13d 14/0 o

SNOTLINNG S,.N3FUO J31A4TA0W JO
NOILUYOFINT NYISSNYO ONESN

A0S QALNIHOD

gge gge” 00&°T |
885 5SS ° HOL*T
voLe oL 0os*1 |
268° 168" 0081 ,
) 590°1 S90°1 001t o] ,
8vZ° 8¥Z°1 ons* , o
L6v° T L6v°1 00L° — _
$S8°1 #58°1 005 °
¥E9°2 ve9°Z o0L* !
10T ¥ 101"y oor°
Sti°s St1°S 000° .

SSIULS *443 "XuH auvol’ LINN/SS3YLS I8/ (14-A)
t SMOMWI SY 3MY SIASSIULS AJMUTANG

(NI) LUOS#ISH Q0L $TZT SU LNENT SI 0% SSINHONUL FUNLIVUL
(NI AU TISH Q00 SV 1NGNI ST Av dIOHS3UHL L
33N $1 3NOZ d713IA NIVELS 3NYI
ISA 00L°64T S1 HION3YLE OI13IA 3MISNIL 3HL GNY
NOILAVWIDTWD 3HL NI U311 S1 13300 NOILYIYYL3Y S.418H
\ 0005 ST JZ/v 3AdUHS MY TWILINI
, °NE, 05Z0° ST HIONIT 2)ud) "WILINI

0000 e S1 a/M 40 Olluy

NI 0005* SI 91 3HL 40 SSINAJIHL
NI QUL v 1 907 3HL S0 HLIIM k

°NI 00sL* S1 3704 3IHL J0 SNIdVY

AF3N ST HOUOUJIAY NOTLONTS NIJUD
* HWH 971 ¥ 40 3303 341 1Y HIVHD Y3NMOD « k

) SISATUNY NI a3S0 S1 NOILYALI S NuNHOA ’

, Pe37485 ANV 9557485

imwﬁm . , WA T I

YT PR gty




v ‘ .

CISH YL oo - SLHHLE ) _,.u._m=> WL L3N L1 UND 3TV

'

FA= VT SaHe il LedLy SrivvI’ &S 0T 4 SR
BLYERT RARLATA LEEGTE 1ZLE9Y° [324 Bl 74 [T B | X
oL TEIeY sLev 3y LYBE VeLIET " bl [XAR RN i
Tt LT PV LY o4 40 Sob il vZ7 LT (A LVAR) :
P - Ay~ Tev4 O95L 0SS [ XA S TY0LEO” YA ¢4 LYA -
Y8 L2 A PAN LOGEZ NS85%30° ZLR°0Z AL N
0T 12T Zobsvs L8432 1L6940° [ATOREY | -4 VA
Sb o512 ZELYTES 1£64°2 E0V1LD” ' Séo "L} &1
0y LEET S8LE°ZS 68E4°2 ROESY0 " vys vl 74+~ !
&Y "5£81 SEZLTIS &90L°2 0SZTII0° 128°517 (341
1£L°9081 (31509 3l £ Tel9 2 LBSLI0 " 5067 (4% )
i (SUAOH) (*NIILUOSHISH (5 ##SHHONI) (SSY4/SIHINTD) (5335vd) (S3HIND) L
. 3L (XUKY A U~UHJW  (4a/79d) 3LvH HLMOHO 3WIL HLONIT HIVHD ]
(NDIDAY AJIUMI-NUHL WHOIIND) AUDLSTH HLIMOUD HOuHD A3L13IM3H4 .u
o
f
, A
TL702 241018 Eol*la (A A &49°2 L3SYI0° LBGYIN* F50°81 QOOD°T  BBTIL” gaZib’
YA 05k PZY ZIT  eZE°T v258°G viShY0” TLBLIS” OVL vl BLEY T PVLloE” ZHBEE "
VS T0S71 LEVEY  peBIS S52°2% L5672 185000 ° cE1I30° SRLUET TOZZ L ghLve” EeYST” *
. . A
CSMM0H) e ‘g kT 4@ ANDUAR Hwdd {533SVd) a/2 e g 3
alrL (XA TXY-UHAW (SSYL4/NIY 310 HIMOMD ELNEY (NI HAUNAT HIUMD J
AIUYD NHHL WEOAIND ONY HIVHD NYHLI-LYYd 40 ON3 FHL 4
. NIFMLIAT BAMOYO HIGHD TUNOILISNUNML o i
< ;
, 220025 LoOEY Yo68°9S S&Z°Z LL6°T 1530v0° EETIGO " SGLET 10ZL° ITLYE” 00005 " — .
' 65 "7LST YOL 2 ZLY VS S€Z°Z 198°Z E188E0° 186GL0° BET LT V569" gizze” OOQ3Y*
A A A TSIy BY1°ES S61°2Z ZeL°Z SGELEO” 0ZS0LO" 08v-21 LA VA" A 19962 " 0000y * :
vSZivl 28531y G8v° 1S L1 "2 v69°2 ZELREO” £L8Y90° TLL°T1 =747 A 210LZ° QOOSE” .
D ag-3 A G300 1E€5°4Y 3E1°2Z 2652 bEOVE0 LIFLGO " L4E°0T 8317 Tweve” o000
A A 6ZB e 0OBO°LY vs0°Z vyt < BollE0 " SE€0080° [TARDE ZL85° LBz DDA *
VS henl SGY 8L EVI'vy vio°¢ 6NEZ Z8Z0EN* OEVIV0* VET ‘& utdesopy OTI81 " [alalelo g .
BE&°BIOT EE9°LE TLS 2V £L4°1 822 T I8LBTO " SITBED” 359°8 Goes” Z8991° NOOBT .
[ AL I SVL9E EPEOY 1ZT6°1 LET 2 T1420° 2] 212 v GET 3 ZLT5" LIST” wooIT
SZ 906 Bus "5E  £84°8E SL8°T oz P Oot4=tlr FOFOLO TERCL abiha” VuSET ” (0] 3 B i
8L LEBYL 188°9E 228 DEST 1 D2SIT0° 9397T0° Se8 EZ05° Gboll” QUOZT*®
06 Lid SETvE &36°YE LELCT 0181 Z3S0Z0 " BLoTIO” &Vl sy G430 L3Z01° 1oy} i .
TAS -1 oYt tZE UYZURE vay 1 Lty oGRBI0" VLsozo” v1i°s cosL” QLESD” 00040 !
5% °LTY VLETOE BOBTIE 1221 597°1 ZY9rio” BEIE10° 8IS G4y FYVED 00030 ° ,
FT1P5 18562 122702 avscl Z85°y 13 v I LTBRI0” Livtv YEIK abSL0” NOOLO " ,
Zh say £94°8Z 189 °8C [Y-1 A ) eub ZIEEN0” AYPE LD S0ty [ 9OI90° 000G
ZE 96T 1242 102°9Z AR L0V Y ToZio Zyvitn” [o0s Fad o 134 L1950° 00050
B6°EPL 0O TIT  £89°6T zZ35°1 vvEl IN0LIN” SEUO10° II3TL 281 A 26050° 0GP0 °
S1°bed PLb RZ L2V °HT [orxng ¢ GLT 843600 ° tLUBO0" 89L 2 Zovh vusvo:” 0NOYo” "
’ vEE1Z GEb T vT mvm\MNN @l ozt 0LLBOD 28900 BLLT [P0 BSHoE0 " DOBLO " '
i | £ 7 veZtET  L9ZTIL 1271 [ S I8 FI8L00 " Y8LYOQ” DR 2Zab LIESO" [alalizols B )
v 00" DT T A A VA -3 PA2 R | [72-0 P 1OLO0" SSZY0O0° [a1o10 2 0003 QUEZH " 000"
| (S4N0H) R va » 92 FHWASd 30H? (S355Yd) J2/V 3 v
,_ WL (XUW) A WIXY-vHIW (SSVA/NT) 3LUM Hitudd AL BIoVUIAY (NI HIONGT ADUNY .
i 3MEVIHYA ST AMIHJSINED AJUHD FHL ONOTW BLVY HLHOMO |
AMOLSTH HIMOYSD HIVHD HANNDD HONOMHL~LYUd JF3LIT03N2 . N




]
v 5 P
p—
¥
] , . »
2
‘ N
" ' »}
. ' ’
’,
L] ! , !”
. H
rA
. r,w
B}
SUNOH JHOINS 00000z 1 0L ANIWALEIE €1 389d IND ’
SATNIAD UNQD*VZTIY 0L INTIVALNIOE S1 S59d SN0 3 3L , »

AT B Ol o ™ = 7l
Tl e
R




Srs L ixstaX o aon

10" =
w100 = ca_ L —
9] = :
o : o
5 - 4ssarconcetsssosnal -
Z 107" 3 :
N : [ Cg ~ o S
3 m & - SBPLSS6 :
6 FRLLEELE 0 R censevive o + - SBPLSS4 .
-2 L 3 e L
% 10 I . T |
B ... PASSES -
Y u e iptesieeet STEEL ;
g Lo 2 ‘R /Ri =3.00 ,_
CARGO SPECTRUM |
o ] : )
19° =
Figure 3-8. Cornmer Crack Growth Data and Prediction, Steel Lug,
. Ro/Ri=3'0’ Cargo Spectrum Loading
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SAMPLS PROBLEM #11

Analysis of a lug with an interference-fit bushing is illustrated in

this sample problem. Details of the material and geometric parameters are:

Lug Material : Steel
Bushing Material : Steel
Lug Outer Radius, Ro ¢ 1.6875 Inch
Lug Inner Radius, Ri : 0.84 Inch
Lug Thickness ¢ 0.5 Inch
Bushing Thickness, tB : 0.09 Iﬁch
Young's Modu}us of Lug Material, EL : 3 x 10u Ksi
Young's Modulus of Bushing Material, EB : 3 x 10 Ksi
Poisson's Ratio of Lug Material, VL s 0.3
Poisson's Ratio of Bushing Materiai, VB : 0.3
Loading Pin Radius (= Lug Inner Radius~

Bushing Thickness), ry : 0.75 Inch
tB/ri ¢ 0,12
EB/EL L
Diametrical Interference, 6D : 0,008 Inch
g, ¢ 14 Ksi
R s 0.1
Crack Type ¢ Through~the~Thickness
<, ¢ 0,025 Inch

Four sets of input data are presented for this problem. In the first
data set, the residual stress and the normalized stress distribution across
the net section are calculated from the already-available tables in the
prog-am by specifying 'METHOD' = -2 and 'IRSIG' = -1. In the second data
set, the residual stress and the normalized stress distribucion (obtained
using the concentric cylinder equations and the finite element method) are
input directly. In the third data set, the residual stress is calculated

automatically ('IRSIG' = -1) and the normalized stress distribution is

input directly. In the fourth data set, the residual stress is input

directly and the normalized stress distribution is obtainzd from the

P e e P 2 R . T T T e
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already-available tables ('METHOD' = ~2). In the fourth data set, note
that only tB/ri ('TBR') and EB/EL ('EBEL') are needed to interpolate the
dara from the tables. Values for parameters 'EL', 'DELD', 'POL' and 'POB!
are not needed for such an interpolation, and will be ignored by the
program if specified, without influencing the output results.

The above four input data sets show the flexibility with which the
stress data can be input. All the four input data sets are equivalent and
thus only one set of output data is included for this sample problem. The
other three sets of output data would be the same, except for slight
differences in the results due to computational round-offs.

The far-field loading is applied with a stress ratio of 0,1. However,
the operating stress ratio across the net section of the lug will be dif-
ferent due to the presence of residual stress. In this case, the operating
stress ratio ranges from 0.32 at the inner radius location to 0.64 at the
outer radius location, Thus, for this problem, crack growth rate data
corresponding to a stress ratio 0,5 are input, although the applied far-
field stress ratio is 0.1.

A value of 2 has been input for parameter 'IGFTYP', selecting the
original (unmodified) Green's function for the computation of stress
intensity factors in this problem. The use of the original (unmodified)

Green's function ('IGFTYP' = 2) is recommended for lugs with interference-

£it bushings. The modified Green's function ('IGFTYP' = 1, the default
value) should be used for lugs with no bushing, since the modification of
Green's function accounts for the pin bearing pressure distribution

variation with respect to crack length.

Comparison of experimental and analytical data of this sample problam
is given in Figure 3-9,
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213 CONSTANT AMFLITUDE WITH SIGMA(MAX)= 14 KSI AN R=0. 1
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13: 0.0 27,000

& S2.0 57.700

17: 250,35 0.5 -0, 1
pESH Q.9 230,55 179.7
RH O 'y

200 1 | 1

Zi: CONSTANT AMPLITUDE WITH SIGMAMMAX)I= 14 wII AND R=0.
22 1.0 1.0

23 14,0 0.1 100.0

Q

Q

;‘n»——;——

SoH 1 .
27 i 0 - Line 16: IGFTYP = 2, use unmodified
oa ...4()()(_)() o, m75 Q. 5000 Green's function
29 0, 02580 ), AT 50
0 11 1 O X
1 « QOO0 Z.41% 22,525
o2 . 050 2. 100 20,833
ECH 151 2.517 2L 0w
4 L 252 2.041 15.985 . .
25 Lo 1,752 14, 202 Lines 23, 25%: Stress distribution
ey . 454 1,491 13,012 (eyclic and residual
a7 . ":"E= 1,299 11,939 stresses)

¢ ] o Ak i, 11,057
o .7q/ 0. 704 10,3223
4¢: 0.5 2.704

2 41 0, 363 D177
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1.0
14’. 0

0
0 -1
1 i
1 2
Q. 240000
Q. Q250
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. 12000

SVLR4Z AND 2VLR44

QO i

0.0%27
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Q.247
0.422
0. 233
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e 250
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L0010
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0.5
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stress distribution
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CRACK LENGTH, c, INCH

Figure 3-9.
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Through-the-Thickness Crack Growth Data and Prediction, Steel Lug

with Steel Bushing, R /ri=2.25, t.=0.09 Inch,

R=0.1, § =.008 Inch B
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